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THREE-DIMENSIONAL GRAPHICAL REPRESENTATION OF SURFACES BY COMPUTER 
(FAST REACTOR CONTAINMENT PROGRAM) 

by 

D. B a s i n g e r and J . G v i l d y s 

ABSTRACT 

Plot 3D is a package of FORTRAN IV Subprograms 
designed to draw three-dimensional surfaces from 
arrays of points (x,y,z). The surfaces can be drawn 
after arbitrary rotations about the three coordinate 
axes. 

Four versions of Plot 3D are described. Output 
of Versions 1 and 3 is by film recorder. Output of 
Versions 2 and 4 is by Calcomp Plotter. Versions 3 
and 4 do not draw lines which would be invisible to 
a viewer looking at an opaque surface, whereas 
Versions 1 and 2 draw every line on the surface. 

Plot 3D is described along with its limitations. 
Sample output and listings of the subprograms are 
included. 

I. INTRODUCTION 

It can be difficult to visualize the behavior of complicated functions 

or the shapes of empirical surfaces corresponding to tabulated data or 

contour plots. The plotting of such surfaces is the purpose of PLOT 3D. 

PLOT 3D is a computer program to plot any surface for which each 

coordinate pair (x,y) is associated with a unique z in the set of 

points (x,y,z). It uses matrix transformations of the points to generate 

different views of the surface after arbitrary rotations about the three 

coordinate axes. The views are not perspective. 

This report describes completely the PLOT 3D package. Examples of 

the output are included, and the limitations of PLOT 3D are discussed. 

PLOT 3D was written for use with the IBM System/360 and either the 

IBM 2280 Film Recorder or the Calcomp 780 Plotter at Argonne National 

Laboratory. The subprograms are explained, and there is a sample user's 

program. Possible modifications are mentioned. 



I I . LIMITATIONS OF PLOT 3D 

P l o t 3D i s designed to po r t r ay only those funct ions for which the re 

may be der ived for every p a i r (x ,y) a unique z va lue . I t cannot , for 

example, draw a s p h e r e . The funct ions must be in r e c t a n g u l a r coord ina te s . 

The a r r a y s of (x,y) p o i n t s must determine a g r id which l i e s w i th in a 

r e c t a n g l e whose minimum and maximum values can be e s t a b l i s h e d . 

Versions 1 and 2 draw every l i n e on the s u r f a c e , inc lud ing those 

which would be i n v i s i b l e to an observer viewing an opaque s u r f a c e . 

Consult F i g s . 1 and 2 for examples. On a sur face where t he re are many 

of these " i n v i s i b l e " l i n e s , t h e i r appearance can cause the view to be 

confus ing . 

Vers ions 3 and 4 do not draw l i n e s which would not be v i s i b l e to an 

observer viewing an opaque s u r f a c e . Consult F ig . 3 for an example. The 

masking r o u t i n e s g r e a t l y i n c r e a s e the running time of these subprograms. 

The magnitude of the time Inc rea se i s dependent on the number of g r id 

p o i n t s in the a r r a y s . On t e s t runs an Inc rease in the number of g r id 

p o i n t s by a f a c t o r of 4 inc reased the running time by a f ac to r of 10. 

The views may be d i f f i c u l t to s tudy q u a n t i t a t i v e l y . A carefu l 

choice of inpu t parameters must be made to read values off the surface 

p l o t s . 



Z - 3 EXP [- (X+4) ^^2) +EXP (- (T-U] KM2) 

aE7R = 

0.0 XHIN = 
45.00 THIN = 

-IJS.OO HMIM = 

-O.SOE 01 XMRX = 
-0.30E 01 THflX = 
0.S2E-21 ZMfiX = 

o.ueE 01 
D.57E 01 
o.4oe 01 

Z - 3 EXP [- (X+m »<K21 +EXP (- (T-4) KK^] 
M.PW1 = 0.0 XMIN - -O.SOE 01 XrtfiX - 0.U8E 01 
8ETR = 4S.0O THIN = -D.30£ 01 TMfiX = 0.57E 01 
GWnn = 45.00 iniH = O.S3E-21 ZWX = 0.40E 01 

Z = 3 EXP (- [X+4] »<«2) +EXP (- (Y-41 KM21 
«.PW = 0.0 XMIM = -O.SOE 01 XMfiX = 0.46E 01 
BETB = 15.00 TMIH = -0.30E 01 TMfiX = 0.57E 01 
CfWW - 45.00 EMIN = 0.52E-21 ZMflX = 0.40E 01 

Figure 1. Sample Output of PLOT 3D Version 2 



iL 

CYCLE 
BLPMfl = 
BETfi = 
CflHMfl = 

0.0 
45.00 
60.00 

XHIN ^ 
TMIN ^ 
mm : 

0.0 
-0.16E 03 
0.0 

XMflX = 
TNfiX : 

zrwx = 

0.3SE 03 
0.16E 03 
a.S3E t l 

Figure 2. Sample Output of PLOT 3D Version 4, Computer 
Simulation of High-Energy Excursion 

SIMPLE ELLIPSOID 
• u w - 0,0 miH - -O.SOE 01 nnc 
"ETB - US.OO THIN - -O.SOE 01 TWtt 
0H« - -US.OO niN • 0.0 Htt 

TE5T11 
O.SOC 01 
O.SOE 01 
o.aoc 01 

END SIMPLE ELLIPSOID TESTll 
A ' W - 0.0 miH - -O.SOE 01 XHHX - O.SOE 01 
BETR • 45.00 TMIM - -O.SOE 01 TMftt - O.SOE 01 
G»t* l • -flO.OO n i N - 0.0 ZNRX - 0.30E 01 

END 

Hgur^ 3. Sample Output of PLOT 3D Version 4 



I I I . DESCRIPTION OF PLOT 3D PACKAGE 

In the r o u t i n e s , values of x , y , and z are taken from ar rays suppl ied 

in the c a l l i n g user w r i t t e n program. The sur face i s drawn by connecting 

succes s ive (y ,z ) po in t s wi th s t r a i g h t - l i n e segments for each x value on 

the g r i d , and then connecting success ive (x ,z ) po in t s for each fixed y 

va lue on the g r i d . These l i n e s a re then p ro jec ted by p a r a l l e l p ro j ec t i on 

onto the f ixed yz p lane for p l o t t i n g . 

Dif ferent views of the sur face are made by s e l e c t e d r o t a t i o n s about 

the f ixed coord ina te axes : f i r s t around the fixed z -ax is through angle Y, 

then around the fixed y - a x l s through angle B and f i n a l l y around the 

f ixed X-axis through angle a. These r o t a t i o n s are produced by implementing 

the ma t r ix product ABC j y I for each poin t ( x , y , z ) in the s u r f a c e . Matrix A 

r o t a t e s the sur face about the f ixed x - a x i s , matr ix B about the fixed 

y - a x i s , and matr ix C about the fixed z - a x l s . Figure 4 i l l u s t r a t e s these 

r o t a t i o n s . The g r i d po in t s and t h e i r function values are then transformed 

and redrawn. 

z' 

I 0 0 

0 coscr -sina* 

0 sirKT coso" 

FIXED AXES FIGURE AXES lA IS ROTATION MATRIX FOR tT ) 
(o) ROTATION ABOUT X-AXIS 

• ^ 

cos^ 0 

0 I 

-sin^ 0 

Iinj9 

0 

co%0 

Figure 4. 

Rotations of the Surfaces 

FIXED AXES FIGURE AXES (B IS ROTATION MATRIX FOR $ ) 
lb) ROTATION ABOUT Y-AXIS 

z' 

4> cosy -siny 0 

siny cosy 0 

0 0 I 

FIXED AXES FIGURE AXES (C IS ROTATION MATRIX FOR y ) 

(cl ROTATION ABOUT Z-AXIS 
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The a r r a y s s u p p l i e d by t h e u s e r a l o n g w i t h t h e number of p o i n t s a l o n g 

t h e l e n g t h and t h e w i d t h of t h e xy g r i d d e t e r m i n e s t h e number of l i n e s i n 

each d i r e c t i o n as w e l l as t h e number of p o i n t s on e a c h l i n e . I n c r e a s i n g 

t h e number of g r i d l i n e s I n c r e a s e s " f i n e n e s s " of t h e m e s h . A f i n e mesh 

p r o v i d e s s h a d i n g of r e g i o n s w i t h s m a l l s u r f a c e g r a d i e n t s . The more p o i n t s 

t h a t a r e u s e d , t h e b e t t e r i s t h e r e p r e s e n t a t i o n of c u r v a t u r e , s i n c e 

s t r a i g h t - l i n e segments a r e drawn b e t w e e n t h e p o i n t s . However , t h e number 

of p o i n t s used I s l i m i t e d by t h e compute r s t o r a g e c a p a b i l i t y and by t h e 

c o m p u t a t i o n t i m e . 

The c a l l t o SUBROUTINE PLOT 3D i n i t i a t e s t h e F i lm R e c o r d e r o r t h e 

Calcomp P l o t t e r and c a l l s s u b r o u t i n e s t o s c a l e t h e v a l u e s i n t h e t w o -

d i m e n s i o n a l a r r a y s s p e c i f i e d i n t h e PLOT 3D a r g u m e n t s , making u s e of 

maximum and minimum v a l u e s s u p p l i e d i n COMMON/MAXES/. 

ENTRY ROTATE t o PLOT 3D c a l l s s u b r o u t i n e s wh ich draw t h e s u r f a c e 

a f t e r d e s i r e d r o t a t i o n s a b o u t t h e t h r e e f i x e d axes a r e a c c o m p l i s h e d . 

(ENTRY NOMORE i n t h e PLOT 3D v e r s i o n f o r t h e Calcomp P l o t t e r c l o s e s 

t h e Calcomp t a p e . ) 

A d e s c r i p t i o n of t h e s u b r o u t i n e s c a l l e d by PLOT 3D, ROTATE (and 

NOMORE) f o l l o w s . 

SUBROUTINE SCALE, c a l l e d once f o r each s u r f a c e t o b e d r a w n , u s e s 

COMMON/MAXES/ t o s c a l e t h e s u r f a c e t o f i t w i t h i n a cube h a v i n g 5 . 5 p l o t t i n g 

u n i t s on a s i d e , w i t h t h e p l o t t i n g p l a n e d e f i n e d as a s q u a r e w i t h 10 p l o t ­

t i n g u n i t s on a s i d e . 

The v a r i a b l e s x , y , and z may b e s c a l e d I n one of two w a y s . Each 

v a r i a b l e may b e s c a l e d a c c o r d i n g t o i t s r a n g e ( l a r g e s t minus s m a l l e s t 

v a l u e s ) , o r a l l t h r e e v a r i a b l e s may b e s c a l e d a c c o r d i n g t o t h e l a r g e s t 

of t h e s e r a n g e s . The f i r s t method of s c a l i n g f i t s t h e s u r f a c e w i t h i n a 

cube and may d i s t o r t i t c o n s i d e r a b l y . The s e c o n d method of s c a l i n g 

p r e s e r v e s t h e o r i g i n a l r e l a t i v e m a g n i t u d e s b u t may s o s h r i n k one o r two 

axes as t o make them i n v i s i b l e . The u s e r can e x e r t some c o n t r o l o v e r 

t h e s c a l i n g by making a p p r o p r i a t e s e l e c t i o n s f o r t h e maxima and minima 

i n COMMON/MAXES/. 

SUBROUTINE TRNMAT s e t s up t h e r o t a t i o n m a t r i x M ( t h a t I s . ABC) i n 

terms of t h e s u p p l i e d a n g l e s of r o t a t i o n : a , 6 , and y. TRNMAT i s 
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c a l l e d once for every r o t a t e d view, tha t i s , for every c a l l to ROTATE. 

The r o t a t i o n mat r ix i s placed in COMMON/MATRIX/TMAT ( 3 , 3 ) . 

SUBROUTINE PHI r o t a t e s the sur face curves by mul t ip ly ing the p o s i t i o n 

v e c t o r of each poin t by the r o t a t i o n matr ix in COMMON/MATRIX/TMAT ( 3 , 3 ) . 

I t i s c a l l e d once for each r o t a t e d view. 

SUBROUTINE AXIS, c a l l e d once t o I n i t i a t e values and then once for 

each su r f ace view, s e t s up, r o t a t e s , and draws the th ree f igure axes . 

Drawing these axes he lps t o show the o r i e n t a t i o n of the sur face with 

r e s p e c t to the f ixed coordina te axes . AXIS uses the r o t a t i o n matr ix in 

COMMON/MATRIX/TMAT (3,3) to r o t a t e the f igure axes in the same way tha t 

PHI r o t a t e s the sur face curves . AXIS uses machine-dependent p l o t t i n g 

r o u t i n e s to p l o t and l a b e l the axes . 

SUBROUTINE DRAW, c a l l e d once for each view p l o t t e d , draws the l i n e 

segments connect ing (y ,z ) g r id p o i n t s . DRAW uses p l o t t i n g rou t ines which 

a r e machine-dependent . 

SUBROUTINE WRITE, c a l l e d once for each view p l o t t e d , l abe l s the 

f igu re with bounding values from COMMON/MAXES/XMIN, XMAX, YMIN, YMAX, ZMIN, 

and ZMAX. This subrou t ine a l so l abe l s the f igure with accumulated angles 

a, 6, and y, and with an alphanumeric array suppl ied in COMMON/LABEL/LAB 

( 9 ) . The use r I n i t i a l l y f i l l s COMMON/LABEL/LAB (9) with the des i red 

t e x t , which can be up to 36 c h a r a c t e r s , inc luding t^lanks. 

This PLOT 3D package has been w r i t t e n for the IBM System 360 in 

use a t Argonne Nat ional Laboratory. I t uses subrout ines for c o r e - t o - c o r e 

convers ion (numeric to alphanumeric) and for con t ro l of Argonne's IBM 2280 

Film Recorder or Calcomp 780 P l o t t e r . 



IV . USING PLOT 3D 

P r e c e d i n g t h e c a l l t o PLOT 3D, t h e u s e r mus t s u p p l y v a l u e s t o 

COMMON/MAXES/XMIN. XMAX, YMIN, YMAX, ZMIN, ZMAX, and i f a l a b e l i s d e s i r e d , 

t o COMMON/LABEL/LAB ( 9 ) , w h e r e : 

XMIN - l e s s t h a n o r e q u a l t o t h e minimum v a l u e I n a r r a y X. 

XMAX - g r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y X. 

YMIN - l e s s t h a n o r e q u a l t o t h e minimum v a l u e i n a r r a y Y. 

YMAX - g r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y Y. 

ZMIN - l e s s t h a n or e q u a l t o t h e minimum v a l u e i n a r r a y Z. 

ZMAX - g r e a t e r t han o r e q u a l t o t h e maximum v a l u e i n a r r a y Z . 

LAB - o n e - d i m e n s i o n a l a r r a y c o n t a i n i n g a l p h a n u m e r i c t e x t i f s u p p l i e d 

by t h e u s e r , b l a n k s i f n o t . 

„ ^. 11 ^ u„ TATT PTi-iT 3n fX Y Z, NX, NY, CUBE) w h e r e : 
The f i r s t c a l l must b e CALL fLUi j u I,A, I , ' - , ""> > 

X - t w o - d i m e n s i o n a l a r r a y c o n t a i n i n g t h e x - c o o r d l n a t e s . 

Y - t w o - d i m e n s i o n a l a r r a y c o n t a i n i n g t h e y - c o o r d i n a t e s . 

Z - t w o - d i m e n s i o n a l a r r a y c o n t a i n i n g t h e z - c o o r d l n a t e s . 

NX - t h e number of columns i n t h e X, Y, Z a r r a y s . 

NY - t h e number of rows i n t h e X, Y, Z, a r r a y s . 

CUBE - L o g i c a l v a r i a b l e . When CUBE =.TRUE. t h e t h r e e d i m e n s i o n s 

a r e s c a l e d i n d e p e n d e n t l y I n o r d e r t o f i t t h e s u r f a c e i n t o a 

c u b e . When CUBE = .FALSE, t h e p r o g r a m does n o t f i t t h e s u r ­

f a c e i n t o a c u b e . 

Views of t h e s u r f a c e may now be made by t h e c a l l CALL ROTATE (ALPHA, 

BETA, GAMMA, DRAWME) w h e r e : 

Angle of r o t a t i o n a b o u t t h e f i x e d X - a x i s ( d e g r e e s ) . 

Angle of r o t a t i o n a b o u t t h e f i x e d Y - a x l s ( d e g r e e s ) . 

GAMMA - Angle of r o t a t i o n a b o u t t h e f i x e d Z - a x i s ( d e g r e e s ) . 

DRAWME - LOGICAL v a r i a b l e s e t t o .TRUE, i f t h e p a r t i c u l a r v iew i s t o 

b e p l o t t e d , o r s e t t o .FALSE, i f t h e v iew i s n o t t o b e 

p l o t t e d . 

P o s i t i v e a n g l e s a r e c o u n t e r c l o c k w i s e r o t a t i o n s , w h i l e n e g a t i v e a n g l e s a r e 

c l o c k w i s e r o t a t i o n s . The s u r f a c e i s n o t r e t u r n e d t o i t s o r i g i n a l p o s i t i o n 

a f t e r r o t a t i o n . 

ALPHA 

BETA 
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(In the PLOT 3D version for the Calcomp 780 P l o t t e r , the c a l l CALL 

NOMORE af ter the l a s t view has been p lot ted c loses the Calcomp tape u n i t . ) 

A sample ca l l ing program fo l lows: 

C J ^ ^ n N / L A B E L / L A b l ^ l ) 
COMMON/MAXnS/XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX 
." ) IMtNSION X( ^ 0 , 30) , Y ( 5 0 , 3 0 ) ,Z ( ! >0 ,30 ) 
LOGICAL CURe,ORAWME 
l < e A D ? 3 } , L A B 

333 P i )RMAT(9A4) 
X A = - b . O 
o n ? 1 = 1 , 5 0 
Y A = 0 . 0 
TO 3 J = l , 3 0 
X ( 1 , J ) = X A 
Y ( I , J ) = Y A 
Z ( i , J ) = 3 . 0 * E X P ( - ( X A + 4 . 0 ) * * 2 ) + E X ? ( - ( Y A - 4 . 0 ) * * 2 ) 

3 YA = Y A - f O . 3 
2 XA = X A - f 0 . 4 

NX = 50 
(̂Y = 3^ 

X H I N = X ( 1 , 1 ) 
X M A X = X ( 1 , 1 ) 
y M l N = Y ( 1 , 1 ) 
Y'-^AX = Y ( I , 1 ) 

Z M 1 N = 7 ( 1 , 1 ) 
Z M A X = Z ( 1 , 1 ) 
"JJ^ 1 = 1 , NX 
j ; ) 4 J = 1,NY 
X M I N = AMIN1I X M I N , X I I ,J) ) 
XMAX = AMAX1( XMAX,X( 1 ,Jl ) ^ 
YM P J = AMIN1( Y M I M , Y ( I , J) ) 
Y M A X = A H A X 1 ( Y M A X , Y ( I , J ) ) 
Z M I N = A M I N 1 1 Z M I N , Z ( I , J ) ) 
Z M A X = A M A X l ( Z M A X , Z ( I , J ) ) 

4 CONTINUE 
CUrtt=.TRUE. 
CALL PL0T30(X,Y,Z,NX,-JY.CUBE) 
ORAWME=.TRUE. 
CALL ROTATE(000.0,04b.0,-45.0,ORAWMF) 
DRAW«E=.FALSE. 
CALL ROTATE(000.0,-45.0,000.O.ORAWME) 
DRAWMF=.TRUE. 
CALL ROTATE(000.0,045.0,090.0,DRAWME) 
CALL ROTATE(000.0,015.0,000.0,DRAWME) 
CALL ROTATE(000.0,-45.0,000.0.ORAWMt) 
CALL ROTATE(000.0,-60.0,000.0,DRAWME) 
DRAWME =.FALSE. 
CALL ROTATE(000.0,045.0,000.0,DRAWME) 
ORAWME=.TKUE. 
CALL ,<OTATF ( 000. 0,060. 0,015 .0 , DRAWME ) 
CALL NOMORE 
END 
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Versions 1 and 3, for the IBM 2280 Film Recorder, require 7810 and 

58225 bytes of core storage, exclusive of film recorder subroutines and 

arrays. Versions 2 and 4, for the Calcomp Plotter, require 66 70 and 

62435 bytes of core storage, exclusive of Calcomp Plotter routines and 

arrays. 



15 

V. CONCLUDING REMARKS 

A package of FORTRAN subrou t ines has been designed to draw t h r e e -

dimensional su r faces by means of the IBM 2280 Film Recorder or the Calcomp 

780 P l o t t e r . The package i s r ead i ly adaptable to o ther hardware. I t i s 

intended for graphical representation of surfaces determined by single 

valued functions of two Independent variables. Plots of complex surfaces 

may be diff icul t to Interpret . 
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APPENDIX A 

ROUTINES FOR SYSTEM 360—IBM 2280 FILM RECORDER 

SUBROUTINE PLOT 3D—VERSION 1 

Purpose 

Draw and r o t a t e t h r e e - d i m e n s i o n a l s u r f a c e s w i t h IBM 3 6 0 / 5 0 - 7 5 - 2280 

F i lm R e c o r d e r . 

Usage 

COMMON/MAXES/XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX 

COMMON/LABEL/LAB (9) 

CALL PLOT 3D (X, Y, Z, NX, NY, CUBE) 

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME) 

D e s c r i p t i o n of P a r a m e t e r s 

XMIN - Less t h a n o r e q u a l t o t h e minimum v a l u e I n a r r a y X 

XMAX - G r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y X 

YMIN - Less t h a n o r e q u a l t o t h e minimum v a l u e i n a r r a y Y 

YMAX - G r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y Y 

ZMIN - Less t h a n or e q u a l t o t h e minimum v a l u e i n a r r a y Z 

ZMAX - G r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y Z 

X - T w o - d i m e n s i o n a l a r r a y of X - c o o r d i n a t e s 

Y - T w o - d i m e n s i o n a l a r r a y of Y - c o o r d l n a t e s 

Z - T w o - d i m e n s i o n a l a r r a y of Z - c o o r d i n a t e s 

NX - Number of rows i n X, Y, Z a r r a y s 

NY - Number of columns i n X, Y, Z a r r a y s 

CUBE - LOGICAL v a r i a b l e s e t t o .TRUE, i f t h e t h r e e d i r e c t i o n s a r e t o 

be s c a l e d I n d e p e n d e n t l y of e a c h o t h e r and s e t t o .FALSE, i f t h e 

t h r e e d i r e c t i o n s a r e t o b e s c a l e d d e p e n d e n t l y . 

ALPHA- Angle of r o t a t i o n a b o u t t h e X - a x i s , g i v e n i n d e g r e e s 

BETA - Angle of r o t a t i o n a b o u t t h e Y - a x i s , g i v e n i n d e g r e e s 

GAMMA- Angle of r o t a t i o n a b o u t t h e Z - a x l s , g i v e n i n d e g r e e s 

DRAWME- LOGICAL v a r i a b l e s e t t o .TRUE, i f t h e r o t a t e d v iew i s t o b e 

drawn, and s e t t o .FALSE, i f t h i s v iew i s n o t t o b e d r a w n . 
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LAB - Array of BCD cha rac t e r s used to l a b e l the drawing. If l ab e l 

i s d e s i r e d , supply 9 or l e s s fou r - cha rac t e r words in COMMON/ 

LABEL/LAB (9 ) . 

Remarks 

A call to PLOT 3D defines and scales the surface. Subsequent calls 

to ROTATE rotate It to new frames of reference. The surface is not 

returned to its original position after a rotation. The surface is 

rotated about the fixed XYZ axes in this order - first about the Z-axls, 

then about the Y-axis, and finally about the X-axis. 

Care should be exercised in providing that the arrays X, Y, Z in the 

calling program have dimensions (NX, NY). Dimensions different from this 

may cause errors in the plots. 

Subroutines Required 

SCALE 

TRNMAT 

PHI 

AXIS 

DRAW 

WRITE 

In addition, PLOT 3D calls routines for the IBM 2280 Film Recorder. 

They follow: 

FPLTM - Sets the vector and point-plotting mode 

FMAREA - Defines the size of the film area onto which those coordinates 

specified as belonging to the user's coordinate system via 

the FDATM routine are to be mapped. 

FXYTRN - Defines the positioning of the film area 

FLIND - Sets the film line density 

FLINW - Sets the film line width 

FDATM - Sets the arithmetic mode and reference frame of the input X, 

Y values for vectors, points, and beam positioning. 

FXYLIM - Sets the maximum and minimum values of the user's coordinate 

system. 

FADV - Advances the film 
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FCHSZ - Sets the charac ter s i z e of the cha rac t e r s genera ted by the 

charac te r genera to r . 

FLNSG - Draws a l i ne segment between two spec i f i ed end p o i n t s 

FMOVE - Pos i t i ons the beam at the spec i f i ed coord ina tes 

FLINE - Draws a l l n e ( s ) from the cur rent beam p o s i t i o n to the 

spec i f i ed beam pos i t i on 

FTEXT - P lo t s a s t r i n g of charac te rs 

F i n a l l y , PLOT 3D c a l l s an Argonne-developed rou t ine which fol lows: 

CONVO - Core- to-core conversion, i n t e r n a l machine r e p r e s e n t a t i o n to 

EBCDIC 

A l i s t i n g of the subrout ines fol lows: 

S U B R O U T I N E P L 0 T 3 0 ( S X , S Y , S Z , N X , N Y , C U B E ) 
L O G I C A L CUBE 
COMMON / M A X E S / X M I N , X M A X , Y M I N , Y M A X , Z M I N , Z M A X 
U I M E N S I ON S X ( N X , N Y ) , S Y ( N X , N Y ) , S Z ( N X , N Y ) 
C A L L F P L T M ( 1 ) 

F U A T M ( 3 ) 

F MARE A ( 2 2 0 0 , 22'3(?) 
FXYTkN(100C,1000) 
F L I N D d ) 
F L I N K l ) 
FLATK(2) 
FXYLIM(-5.': ,-5.0,5.G,5.r) 
SCALE(SX,SY,SZ,NX,NY,CUBE) 
AXISIC,.FALSE.) 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
ASUM=(,. 0 
BSUM=C.C 
CSUM=O.J 
RETURN 

ENTRY ROTATE(ALPHA,BETA,GAMMA,ORAW ME) 
LOGICAL DRAWME 
CALL TRNMAKALPHA,BETA,GAMMA) 
CALL PHI(SX,SY,SZ,NX,NYI 
C A L L A X I S d ,DRAWME) 
ASUM=ASUM+ALPHA 
B S U M = B S U M + 6 E T A 
C SUM = CSUM+GAMMA 
I F ( . N O T . D R A W M E ) R E T U R N 
CALL O R A W ( S X , S Y , S Z , N X , N Y ) 
CALL WRITEIASUM,BSUM,CSUM) 
CALL FADV(4) 
RETURN 
£^D 

BLOCK DATA 
C0MM0N/LAbEL/LAB(9) 
DATA LAB/' 
END 
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SUoR JUTIiME S C A L c ( S X , S Y , S Z , N X P T S , N Y P T S , C U B E ) 
DIME MS I UN SX(N!XPTS,NYPTS) ,SY( NXPTS,NYPTS) ,SZ(NXPTS,NYPTS1 
Cn . lM jN /MAXES/X^ l IN , KMA X ,YMI N, YMAX , ZMI N , ZMAX 
LOGICAL CURE 
REAL MA XX,MAXY,MAXZ 
M A X X = ( X M A X - X M I N ) / 5 . 5 
M A X Y = ( V M A X - Y M I N ) / 5 . 5 
MAXZ = ( Z M A X - Z V . I N I / 5 . 5 
I F ( C U e t ) GO TC 21 
MAXX=A^AX1(MAXX,MAXY,MAXZ) 
MAXY=MiXX 
MAXZ = I'AXX 

i.i 0 0 3 l = l , N X ' ' T S 
'JL? J = i , , \ Y P T S 
S X ( I , J ) = ( S X ( I , J) - ( X '1A X 
S Y ( I , J ) = ( S Y ( 1 , J ) - ( Y M A X 

3 S Z ( I , J ) = ( S Z ( I , J ) - { / M A X 
r<ETUPN 
[-ML 

X M I N ) / ? . » / M A < X 
Y M I N ) / 2 . ) / M 4 X Y 
Z M I N ) / 2 . ) / M 4 X 7 

SUaRJUTI.NF T F N ' I A K i L PH A , PE T A, G A >̂M A ) 
C C M w O N / M A T k l X / f M A K ^ , 3 ) 
A = A L ? H A / 5 7 . 2 s > 5 7 7 ^ 5 
i : ) = b F T A / = 7 . : 9 5 7 7 9 ? 
C = G A ' l M A / 5 7 . 1 9 5 7 ^ 5 
S I i \ A = S I N ( A) 
SINB=S lN(i:-. ) 
s u , r = s i N ( c ) 
CL.$A=COS(A ) 
L0ss=Lt s (e ) 
CCiC=CCS(C) 
T M A T d , . ' )=CCSB«CJSC 
TMAT( .. , Z ) = - C C S J * S I N C 
T ' . A K ? ,3 )=SINH • 
T M A T ( 2 , l ) = r ( . S A » S I N C < - S I N A * S I N B * C 0 S C 
T M A T ( i , i ) = C O b A . C G S C - S I N A * S I N B » S I N C 
T M A T ( i , 3 ) = - S I i M a * ' : n S ^ 
T ^ A T ( J , i ) = S I N A « S I N C - C O S A * S I N « * C U S C 

T r A T ( 2 , ? ) = SINA*rJSC-t -C0SA«SINi^*SINC 

T M K T ( 3 , 3 ) = C C S A * C n S B 

RETURN 
tND 
SUBPJUTINE P H I ( X , Y , Z , N X , N Y ) 
J^ME-.SION X ( N X , N Y ) , Y ( N X , N Y ) , Z ( N < . N Y ) 

C O M M U N / M A T k I X / T M A T ( 3 , 3 ) 

OLJI 1=1,NX 

^ ° i T ^ i ; ; t a . ^ x , i . . K T M A T a . . . ^ v , i . , . T . ^ ^ 

;^:;^:^;^:u:xn:^!:--!3:2;.Y;i;...TMAT(3.3,.z.i,.) 
X ( I , J ) = X P 
Y ( I , J ) = Y P 

L Z ( I , J I = Z P 
RETURN 
hNC 
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SUBROUTINE AX IS ( I ,DRAWME) 
COMMON/MATRIX/TMAT(3 ,3) 
LOGICAL DRAWME 
DIMENSION X A ( 2 ) , X B ( 2 ) , X C ( 2 ) , Y A ( 2 ) , Y B ( 2 ) , Y C ( 2 ) , X ( 4 , n , Y ( 4 , l ) , Z ( 4 , 1 | 
1F( I . N E . C ) GO TO 1 
X ( 1 , 1 ) =r, . 
X ( i , l ) = . 4 
x ( 3 , i ) = r . 
X( 4 , I )='. ' . 
Y ( l , l ) = t . 
Y ( 2 , 1 ) =C . 
Y ( 3 , i ) = . 4 
Y ( 4 , 1 ) = C . 
Z ( i , l ) = C . 
Z ( 2 , 1 ) = C . 
Z ( 3 , 1 ) = C . 
Z ( 4 , l l = . 4 
RETURN 
00.12 1 = 1 , 4 
X P = T M A T ( 1 , 1 ) * X ( I , 1 ) •̂  TMAT ( 1 , 2 ) *Y ( I , 1 l+TMAT ( 1 , 3 )*Z ( 1 , 1 ) 
Y P = T M A T ( 2 , n * X ( I , l ) t T M A T ( 2 , 2 ) * Y ( I , T ) t T M A T ( 2 , 3 ) * Z ( 1 , 1 ) 
ZP=TMAT(3 , 1 ) * X ( I , 1 ) * T M A T ( 3 , 2 ) * Y ( I , 1 )-t-TMAT ( 3 , 3) * Z ( 1 ,1 ) 
X( I ,1 )=XP 
Y ( I , i ) = Y P 
Z ( I , 1 ) = Z P 
CONTINUE 
IF(DRAWMF) CM TO 2 
RETURN 
XA( 1 ) = Y ( 1 , 1 )+< i .5 
Xb( 1 )=XA( ', ) 
XC( 1 ) = X A ( 1 ) 
X A ( 2 ) = Y ( ? , 1 ) + 4 . ? 
X B ( 2 ) = Y ( 3 , i ) + 4 . 5 
X C ( 2 ) = Y ( 4 , 1 ) + 4 . 5 
YA( 1 ) = Z ( l , i )*'3.C 
Y B ( l ) = Y A ( i I 
Y C ( 1 ) = Y A ( 1 ) 
Y A ( 2 ) = Z ( 2 , l ) + 3 . r 
Y B ( 2 ) = Z ( 3 , l ) + 3 . 0 
Y C ( 2 ) = Z ( 4 , I ) + 3 . C 
CALL FCHSZil) 
CALL F0ATM(2) 

CALL FLNS&(XA(1),YA(1),XA(2),VA(2)) 

PX=XA(2) 
PY=YA(2) 
CALL FCHAR( "X«,PX,PY) 
CALL FLNSG(XB(1).YB(1),XB(2),YB(?) ) 
PX=XB(2) 
PY=Y8(2) 
CALL FCHAR('Y«,PX,PY) 

CALL FLNSG(XC(1),YCI1),XC(2),YC(2)) 
PX=XC(2) 
PY=YC(2) 
CALL FCHAR( 'Z' ,PX,PY) 
RETURN 
END 
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SUBROUTINE DRAW(X,Y,Z,NXPTS,NYPTSt 
UIMENSION X(NXPTS,NYPTS),V(NXPTS,NYPTS),Z(NXPTS,NYPTS) 
DO i 1 = 1,NXPTS 
CALL FMDVfc(Y(I , 1 ) , Z ( I , l » » 
DO 2 J = 2 , N Y P T S 
CALL FLINEI Y d ,J) ,Zd ,J) I 
CONTINUE 
CONTINUE 
003 I=1,NYPTS 
CALL FMUVE( Y d ,1) ,Z(1 , I) I 
004 J= 2,NXPTS 
CALL FLINEIY(J,I),Z(J,I)) 
CONTINUE 
CONTINUE 
RETURN 
END 

SUBROUTINt WRITE(Al ,B1 ,C1) 
DIMENSION ALlNEd5l,BLINE(15),CLlNE(15» 
COMMON/MAXES/XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX 
C 0 M M 0 N / L A e E L / L A B ( 9 ) 
INTEGER A L I N b , B L I N E , C L I N E , B L A N K / ' ' / 
SICK( X X X ) = X X X - F L 0 A T ( I F I X ( X X X / 3 6 0 . ' ' ) ( • 3 6 3 . ' ' 
A = S I C K ( A 1 ) 
D = S I C K ( e i ) 
C = S I C K ( C \ ) 
DOi 1 = 1 , i t 
A L I N E I 1 ) = D L A N K 
B L I N E I I ) = B L A N K 
CLINEII)=ELANK * 

1 CONTINUE 
CALL FCHSZ(2) 
CALL FDATM(3) 
CALL F T E X K L A B , 3 6 , 1 , 1 1 0 0 , 9 2 0 
CALL FTEXT(LAB,36,1,110,920 
CALL CONVO('("ALPHA = ",F10.?," 
1E10.2)',ALINE,T,K,A,XMIN,XMAX) 

CALL F C H S Z I l ) 
CALL F T £ X T ( A L I N E , K , 1 , 1 1 C 0 , 8 4 0 ) 
CALL CCiNVO( ' ( "BETA = " , F i n . 2 , " 

I E I O . 2 ) ' , b L I N E , ) , L , P , Y M I N , Y M A X ) 
CALL F T E X T ( B L I N E , L , l . m O f S C " ) 
CALL CUNVOI '("GAMMA = " , F 1 3 . 2 , " 

l E l ' J . 2 ) ' , C L I N E , ' ! , M , C , Z M I N , Z M A X ) 
CALL F T E X T ( C L I N E , M , 1 , 1 1 0 0 , 7 6 0 ) 
RETURN 
ENb 

XMIN = " , F 1 ' > . 2 , " XMAX 

YMIN = " , F I C . 2 , " YMAX =" 

ZMIN = " , E l f i . ? , " ZMAX = " , 
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APPENDIX B 

ROUTINES FOR SYSTEM 360—CALCOMP 780 PLOTTER 

SUBROUTINE PLOT 3D—VERSION 2 

P u r p o s e 

Draw and rotate three-dimensional surfaces with IBM 360/50-75 - Calcomp 

780 Plotter. 

Usage 

COMMON/MAXES/MIN, XMAX, Y^MIN, YMAX, ZMIN, ZMAX 

COMMON/LABEL/LAB (9) 

CALL PLOT 3D (X, Y, Z, NX, NY, CUBE) 

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME) 

CALL NOMORE 

Descr ipt ion of Parameters 

XMIN - Less than or equal to the minimum value in array X 

XMAX - Greater than or equal to the maximum value in ar ray X 

Y'MIN - Less than or equal to the minimum value in array Y 

Y>L\X - Greater than or equal to the maximum value in array Y 

ZMIN - Less than or equal to the minimum value in array Z 

Z>LUC - Greater than or equal to the maximum value in array Z 

X - Two-dimensional array of X-coordlnates 

Y - Two-dimensional array of Y-coordinates 

Z - Two-dimensional array of Z-coordinates 

NX - Number of rows in X, Y, Z arrays 

NY - Number of columns in X, Y, Z ar rays 

CUBE - LOGICAL var i ab le se t to .TRL'E. i f the three d i r e c t i o n s are to 

be scaled independently of each other and se t to .FALSE, i f 

the three d i r ec t i ons are to be sca led dependently. 

ALPHA- Angle of r o t a t i o n about the X-ax i s , given in degrees 

BETA - Angle of r o t a t i o n about the Y-ax l s , given in degrees 

GAMMA- Angle of r o t a t i o n about the Z -ax l s , given in degrees 

DRAWME- LOGICAL va r i ab l e s e t to .TRUE..if the r o t a t e d view i s to be 

drawn, and s e t to .FALSE, i f t h i s view i s not to be drawn. 
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LAB - A r r a y of BCD c h a r a c t e r s u s e d t o l a b e l t h e d r a w i n g . I f l a b e l 

i s d e s i r e d , s u p p l y 9 o r l e s s f o u r - c h a r a c t e r words i n COMMON/ 

LABEL/LAB ( 9 ) . 

Remarks 

A c a l l t o PLOT 3D d e f i n e s and s c a l e s t h e s u r f a c e . S u b s e q u e n t c a l l s 

t o ROTATE r o t a t e i t t o new f rames of r e f e r e n c e . The s u r f a c e i s n o t 

r e t u r n e d t o i t s o r i g i n a l p o s i t i o n a f t e r a r o t a t i o n . The s u r f a c e i s 

r o t a t e d a b o u t t h e f i x e d XYZ a x e s i n t h i s o r d e r : f i r s t a b o u t t h e Z - a x i s , 

t h e n a b o u t t h e Y - a x i s , and f i n a l l y a b o u t t h e X - a x i s . F i n a l l y a c a l l t o 

NOMORE c l o s e s t h e Calcomp t a p e u n i t . 

C a r e s h o u l d b e e x e r c i s e d i n p r o v i d i n g t h a t t h e a r r a y s X, Y, Z i n 

t h e c a l l i n g p r o g r a m h a v e d i m e n s i o n s (NX, NY). D i m e n s i o n s d i f f e r e n t from 

t h i s may c a u s e e r r o r s i n t h e p l o t s . 

S u b r o u t i n e s R e q u i r e d 

SCALE 

TRNMAT 

PHI 

AXIS 

DRAW 

WRITE 

I n a d d i t i o n , PLOT 3D c a l l s r o u t i n e s f o r t h e Calcomp 780 P l o t t e r : 

PLOTS - A l l o c a t e s a work a r e a t o t h e PLOT r o u t i n e 

PLOT - Moves t h e p e n t o t h e s p e c i f i e d p a g e c o o r d i n a t e s w i t h pen 

l i f e d o r l o w e r e d 

SYMBOL - Draws a s p e c i f i e d symbol 

LINE - Draws a l i n e o r symbol t h r o u g h e a c h s u c c e s s i v e d a t a p o i n t 

F i n a l l y , PLOT 3D c a l l s an A r g o n n e - d e v e l o p e d r o u t i n e wh ich f o l l o w s : 

CONVO - C o r e - t o - c o r e c o n v e r s i o n , i n t e r n a l m a c h i n e r e p r e s e n t a t i o n t o 

EBCDIC 

A l i s t i n g of t h e s u b r o u t i n e s f o l l o w s : 
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SUBROUTINE PL0T3D(SX,SY,SZ,NX,NY,CUBE) 
LOGICAL CUBE 
COMMON /MAXES/XMINfXMAX,YMIN,YMAX,ZMINfZMAX 
DIMENSION SX(NX,NY),SY(NX,NY),SZ(NX,NY) 
COMMON/CALCMP/CCOMPdOOO) 
CALL PL0TS(CC0MP(1),4000) 
CALL SCALE(SX,SY,SZ,NX,NY,CUBEJ 
CALL AXIS(0,.FALSE.) 
ASUM=0.0 
BSUM=0.0 
CSUM=0.0 
RETURN 
ENTRY ROTATE!ALPHA,BETA,GAMMA,DRAWME) 
LOGICAL DRAWME 
CALL TRNMATIALPHA,BETA,GAMMA» 
CALL PHI(SX,SY,SZ,NX,NY) 
CALL AXISd .DRAWME) 
ASUM=ASUM+ALPHA 
BSUM = BSUM-fBETA 
CSUM=CSUM+GAMMA 
IF(.NOT.DRAWME) RETURN 
CALL PLOT(0.0,1.5,-3) 
CALL ORAW(SX,SY,SZ,NX,NY) 
CALL WRITE(ASUM,8SUM,CSUM» 
CALL PLOTdO.0,-1.5,-3) 
RETURN 
ENTRY NOMORE 
CALL PLOTIO.0,0.0,999) 
RETURN 
END 

SLOCK DATA 
C0MM0N/LA8EL/LAB(9I 
DATA LAB/' 
END 
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SUBROUTINE SCALE(SX,SY,SZ.NXPTS,NYPTS,CUBE) 
DIMENSION SX(NXPTS,NYPTSI,SV(NXPTS,NYPTS),SZ{ NXPTS, NYPTS) 
COMMON/MAXES/XMIN ,XMAX ,YMIN,YMAX,ZMIN,ZMAX 
LOGICAL CUBE 
KEAL MAXX,MAXY,MAXZ 
MAXX=(XMAX-XMIN)/5.5 
MAXY=(YMAX-YMIN)/5.5 
MAXZ={ZMAX-ZMIN)/5.5 
IF(CUBE) GO TO 21 
MAXX=AMAX1(MAXX,MAXY,MAXZ) 
MAXV=MAXX 
MAXZ=MAXX 

21 003 1 = 1,NXPTS 
003 J=l,NYPTS 
SXd ,J) = (SX(I,J)-{XMAX + XMIN»/2.)/HAXX 
SY( 1 ,J) = (SYd ,JJ-(YMAX + YMIN)/2.)/MAXY 

3 SZ{I,J)=(SZ(I,J)-(ZMAX + ZMIN)/2.)/MAXZ 
RETURN 
END 

SUBROUTINE TRNMAT(ALPHA,BETA,GAMMA) 
COMMON/MATRIX/TMAT(3,3) 
A=ALPHA/57.2957795 
B=BETA/57.2957795 
C=GAMMA/57.295795 
SINA=SIN«A) 
SINB=SIN(B) 
SINC=SIN«C) 
COSA=COS(A) 
COSB=COS(B) 
COSC=COS(C) 
TMAT(l,l)=COSa*COSC 
TMAT(l,2)=-C0S8*SINC 
TMAT(1,3)=SIN8 
TMAT(2,1)=C0SA*SINC*$INA*SINB*C0SC 
TMAT(2,2)=C0SA*C0SC-SINA*SINB*SINC 
TMAT(2,3)=-SINA*C0SB 
TMAT(3,1)=SINA*SINC-C0SA*SINB*C0SC 
TMAT(3,2)=SINA*C0SC*CQSA*S1NB*SINC 
TMAT(3,3)=C0SA*C0SB 
RETURN 
END 

SUBROUTINE PHI(X,Y,Z,NX,NY) 
DIMENSION X(NX,NY),Y(NX,NY),Z(NX,NY) 
COMMON/MATRIX/TMAT(3,3) 
001 1=1,NX 
001 J=l,NY 
XP = T M A T d , l ) * X ( I , J ) t T M A T d , 2 ) * Y d , J ) + T M A T ( i , 3 ) * Z ( I , J ) 
YP = T M A T ( 2 , l ) * X ( I , J ) + T M A T ( 2 , 2 ) « Y d , J)+TMAT ( 2 , 3 ) *Z ( I , J ) 
ZP = T M A T ( 3 , 1 ) * X ( I , J ) 4 - T M A T ( 3 , 2 ) * Y d , J ) + T M A T ( 3 , 3 ) « Z ( I , J ) 
X d . J ) = X P 
Y d , J ) = Y P 

I lll,Ji=l? 
RETURN 
END 
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SUBROUTINE AXISd,DRAWME) 
COMMON/MATRIX/TMAT(3,3) 
COMMON/CALCMP/CCOMPdOOO) 
LOGICAL DRAWME 
DIMENSION XA(2),XB(2),XC(2),YA(2),YB(2),YC(2),X(4) ,Y(4) ,Z(4J 
IF(I.NE.O) GO TO 1 
Xdl =0. 
X(2) =.4 
X(3) =0. 
X(4) =0. 
Y d ) =0. 
Y(2) =0. 
Y(3) =.4 
Y(4) =0. 
Z d ) =0. 
Z(2) =0. 
Z(3) =0. 
Z(4) =.4 
RETURN 

1 0022 1=1,4 
XP = TMAT(1,1 )*Xd) • TMATd,2)*Yd ) +TMAT d , 3 ) *Z ( I ) 
YP = TMAT(2,1)*X( I) *TMAT(2,2)*Yd ) <-TMAT ( 2, 3 ) *Z ( I) 
ZP = TMAT(3,1)*Xd) +TMAT(3,2)*Y(I I +TMAT(3,3)»Z(I ) 
X(I) =XP 
Y d ) =YP 
Z d ) =ZP 

22 CONTINUE 
IF(ORAWME) GO TO 2 
RETURN 

2 XAd)=Y(l) +7.0 
XB(1)=XA(1) 
XC(l)=XA(1) 
XA(2)=Y(2) +7.0 
XB(2)=Y(3) +7.0 
XC(2)=Y{4) +7.0 
YA(l)=Zd) +7.0 
Y8( l)=YAd) 
YC(1)=YA(1) 
YA(2)=Z(2) +7.0 
Y8(2)=Z(3) +7.0 
YC(2)=Z(4) +7.0 
CALL PLOT(XAd),YAd) ,3) 
CALL PL0T(XA(2),YA(2),2) 
CALL SYMB0L(XA(2),YA(2),0.10,'X',0.0,1) 
CALL PLOT(XB(1),YB(1),3) 
CALL PL0T(XB(2),Y8(2),2) 
CALL SYMBOL(XB(2),Y8(2),0.10,'Y' ,0.0, I) 
CALL PLOT(XC( 1) ,YCd) ,3) 
CALL PL0T(XC(2),YC(2),2) 
CALL SYMBOL(XC(2),YC(2),0.10,«Z',0.0,1) 
RETURN 
END 
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SUBROUTINE DRAW!X,Y,Z,NXPTS.NYPTS) 
DIMENSION X(NXPTS,NYPTS),Y(NXPTS,NYPTSI,Z(NXPTS,NYPTS) 
COMMON/CALCMP/CCOMPdOOO) 
CALL 0FFSET(-5.0,1.25,-5.0,1.25) 
DOI 1=1,NXPTS 
CALL P L O T l Y d . U , Z < I , l ) , l 3 ) 
002 J=2,NYPTS 
CALL PLOT(Yd,J) ,Z( I,J),12) 

2 CONTINUE 
I CONTINUE 
D03 1=1,NYPTS 
CALL PLOT(Y( l,n,Z(l,I ),13) 
D04 J=2,NXPTS 
CALL PLOT(Y(J, I),Z(J, I) ,12) 

4 CONTINUE 
3 CONTINUE 
RETURN 
END 

SUBROUTINE WRITE(Al,Bl,C1) 
DIMENSION ALINEdS) ,BLINEd5l ,CLlNEd5) 
COMMON/MAXES/XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX 
COMMON/LABEL/LABI 9) 
COMMON/CALCMP/CCOMPdOOO) 
INTEGER ALINE,BLINE,CLINE,BLANK/' '/ 
SICK(XXX)=XXX-FLOAT(1FI X(XXX/360.0))*360.0 
A=SICK(Al) 
B=SICK(B1) 
C=SICK(C1) 
001 1=1,15 
AL1NE(I)=BLANK 
aLINE(I)=BLANK 
CLINEII)=BLANK 

1 COr+TINUE 
CALL SYMB0L(0.0,-.3,0.2,LABd) ,0.0,36) 
CALL CONVO( • ("ALPHA = ",F10.2," XMIN =",£10.2," XMAX =•>, 
IE 10.2) ',ALINE,0,K,A,XMIN,XMAX) 
CALL SYMBOL(0.0,-.5,0.1,ALINEd),0.0,K) 
CALL CONVOI '("BETA = ",F10.2.'' YMIN ='',E10.2," YMAX =", 
IE 10.2) ',BLINE,0,L,B,YMIN,YMAXI 
CALL SYMB0L(0.0,-.7,0.1,BLINEd),0.0,L) 
CALL CONVO( ' ( "GAMMA = ' ' , F 1 0 . 2 , ' ' ZMIN = " , E 1 0 . 2 , " ZMAX = " , 

I E 1 0 . 2 ) ' , C L I N E , 0 , M , C , Z M I N , Z M A X ) 
CALL SYMB0L(0.0,-.9,0.1,CLINEd),0.0,M) 
RETURN 
END 
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APPENDIX C 

ROUTINES FOR SYSTEM 360—IBM 2280 FILM RECORDER 

SUBROUTINE PLOT 3D—VERSION 3 

Purpose 

Draw and r o t a t e t h r o w - d i m e n s i o n a l s u r f a c e s w i t h IBM 3 6 0 / 5 0 - 7 5 - 2280 

F i l m R e c o r d e r . T h i s v e r s i o n of PLOT 3D d i f f e r s from V e r s i o n s 1 and 2 

i n t h a t " i n v i s i b l e " l i n e s a r e n o t d rawn . 

Usage 

COMMON/MAXES/XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX 

COMMON/LABEL/LAB (9) 

CALL PLOT 3D (X, Y, Z, NX, NY, CUBE) 

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME) 

D e s c r i p t i o n of P a r a m e t e r s 

XMIN - Less t h a n o r e q u a l t o t h e minimum v a l u e I n a r r a y X 

MXAX - G r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y Y 

YMIN - Less t h a n o r e q u a l t o t h e minimum v a l u e i n a r r a y Y 

YMAX - G r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e i n a r r a y Y 

ZMIN - Les s t h a n o r e q u a l t o t h e minimum v a l u e i n a r r a y Z 

ZMAX - G r e a t e r t h a n o r e q u a l t o t h e maximum v a l u e I n a r r a y Z 

X - T w o - d i m e n s i o n a l a r r a y of X - c o o r d l n a t e s 

Y - T w o - d i m e n s i o n a l a r r a y of Y - c o o r d l n a t e s 

Z - T w o - d i m e n s i o n a l a r r a y of Z - c o o r d l n a t e s 

NX - Number of rows i n a r r a y s X, Y, Z 

NY - Number of columns in arrays X, Y, Z 

CUBE - LOGICAL variable set to .TRUE, if the three directions are 

to be scaled independently of each other and set to .FALSE. 

if the three directions are to be scaled dependently. 

ALPHA - Angle of rotation about the X-axis, given in degrees 

BETA - Angle of rotation about the Y-axis, given In degrees 

GAMMA - Angle of rotation about the Z-axis, given in degrees 

DRAWME - LOGICAL variable set to .TRUE. If the rotated view is to 

be drawn, and set to .FALSE, if this view is not to be 

drawn. 
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LAB - Array of BCD cha rac t e r s used to l abe l the drawing. If l a b e l 

i s d e s i r e d , supply 9 or l e s s fou r -cha rac t e r s words In 

COMMON/LABEL/LAB ( 9 ) . 

Remarks 

A call to PLOT 3D defines and scales the surface. Subsequent calls 

to ROTATE rotate it to new frames of reference. The surface is not 

returned to its original position after a rotation. The surface is 

rotated about the fixed XYZ axes in this order: first about the Z-axis, 

then about the Y-axls, and finally about the X-axis. 

Care should be exercised in providing that the arrays X, Y, Z in 

the calling program have dimensions (NX, NY). Dimensions different from 

this may cause errors in the plots. 

This version of PLOT 3D requires much more computer time than 

Versions 1 and 2. A grid of 121 points required nearly 0.5 min during 

test runs. A grid of 500 points required 5 min of computer time. 

In general, a line segment is drawn between two "visible" endpoints 

and is not drawn between two "invisible" endpoints. If one endpolnt is 

"visible" and the other endpolnt is "invisible," the "visible" portion 

of the segment joining the points is drawn. No attempt is made to mask 

out an "invisible" part of a segment between two "visible" endpoints or 

to draw a "visible" part of a segment between two""invisible" endpoints. 

Subroutines Required 

SCALE 

TRNMAT 

PHI 

AXIS 

SEE 

SCAN 

TORF 

ONEVIS 

PLANE 

WRITE 

In addition, PLOT 3D calls routines for the IBM 2280 Film Recorder. 

They follow: 
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FPLTM - Sets the vec tor and p o i n t - p l o t t i n g mode 

FMAREA - Defines the s i z e of the film area onto which those coordina tes 

spec i f i ed as belonging to the u s e r ' s coordina te system v i a 

the FDATM rout ine are to be mapped. 

FXYTRN - Defines the pos i t ion ing of the film area 

FLIND - Sets the film l i n e densi ty 

FLINW - Sets the film l i n e width 

FDATM - Sets the a r i thme t i c mode and reference frame of the input X, Y 

values for vec to r s , p o i n t s , and beam p o s i t i o n i n g . 

FXYLIM - Sets the maximum and minimum values of the u s e r ' s coord ina te 

system 

FADV - Advances the film 

FCHSZ - Sets the charac te r s i z e of the charac te rs generated by the 

charac ter genera tor 

FLNSG - Draws a l i n e segment between two spec i f i ed endpoints 

FMOVE - Pos i t ions the beam at the spec i f i ed coordinates 

FTEXT - P lo t s a s t r i n g of charac te rs 

F i n a l l y , PLOT 3D c a l l s an Argonne-developed rout ined which fol lows: 

CONVO - Core- to-core conversion, i n t e r n a l machine r e p r e s e n t a t i o n to 

EBCDIC 

Storage Requirements 

This vers ion of PLOT 3D requi res about E370i6 bytes of s t o r a g e , 

exclus ive of Film Recorder subrout ines and array s t o r a g e . 

A l i s t i n g of the PLOT 3D Version 3 subrout ines follow: 
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SUBROUTINE PL0T3D(SX,SY,SZ,NX,NY.CUBEI 
LOGICAL CUBE 
COMMON /MAXES/XMIN,XMAX,YHINfYMAX,ZMIN, ZMAX 
DIMENSION SX(NX,NY),SY(NX,NY),SZ(NX,NY) 
CALL FPLTMd) 
CALL FDATMO) 
CALL FMAREA(2200,22001 
CALL FXYTRNdOOG.lOOO) 
CALL FLINOCl) 
CALL FLINW(l) 
CALL F0ATM(2) 
CALL FXYLIM(-5.0,-5.0,5.0,5.01 
CALL SCALE(SX,SY,SZ,NX,NY,CUBE» 
CALL AXI$(0,.FALSE.I 
A$UM=0.0 
BSUM=C.C 
CSUM=0.0 
RETURN 
ENTRY ROTATE!ALPHA,BETA,GAMMA,DRAWME) 
LOGICAL DRAWME 
CALL TRNMATIALPHA,BETA,GAMMA) 
CALL PHI(SX,SY,SZ,NX,NY) 
CALL AXISd,DRAWME) 
ASUM=ASUM+ALPHA 
BSUM=BSUM+BETA 
C$UM=CSUM*GAMMA 
IF(.NOT.DRAWME) RETURN 
CALL SEE (SX,SY,SZ,NX,NY) 
CALL WRITE!ASUM.BSUM.CSUM) 
CALL FADV(4) 
RETURN 
END 

* 

BLOCK DATA 
C0MM0N/LABEL/LAB(9) 
DATA LAB/ ' 
END 
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SUBROUTINE SCALE ( SX, S Y , S Z , NXPTS,NYPTS .CUBE) „ „ „ T < : . 
DIMENSION S X ( N X P T S , N Y P T S ) , S Y ( N X P T S , N Y P T S » , S Z ( N X P T S , N Y P T S J 
COMMON/MAXES/XMIN ,XMAX,YMIN,YMAX,ZMIN,ZMAX 
LOGICAL CUBE 
REAL MAXX,MAXY,MAXZ 
M A X X = ( X H A X - X M I N ) / 5 . 5 
M A X Y = ( Y M A X - Y M I N ) / 5 . 5 
M A X Z « ( Z M A X - Z M I N ) / 5 . 5 
I F ( C U f l E ) GO TO 21 
HAXX=AMAX1(MAXX,MAXY,MAXZ) 
MAXY=MAXX 
MAXZ=MAXX 

2 1 D03 1=1,NXPTS 
0 0 3 J = l , N Y P T S 
S X d , J ) = ( S X ( I , J ) - ( X M A X + X M I N ) / 2 . ) / M A X X 
S Y d , J ) = ( S Y d , J ) - < Y M A X • Y M T N > / 2 . ) / M A X Y 

3 S Z ( I , J ) = ( S Z ( I , J ) - ( Z M A X • Z M I N ) / 2 . » / M A X Z 
RETURN 
END 

SUBROUTINE TRNMATI ALPHA,BETA,GAMMA) 
COMMON/MATRIX/TMAT(3 ,3 ) 
A = A L P H A / 5 7 . 2 9 5 7 7 9 5 
B = B E T A / 5 7 . 2 9 5 7 7 9 5 
C=GAMMA/57 .295795 
S I N A = S I N ( A ) 
S I N B = S I N ( B ) 
S I N C = S I N ( C I 
COSA=COS(A) 
COSB=COS(B) 
COSC=COS{C) 
T M A T d , l ) = C O S B * C O S C 
T M A T ( 1 , 2 ) = - C 0 S B * S I N C 
T M A T d , 3 ) = SINB 
T M A T ( 2 , 1 ) = C 0 S A * S I N C + S I N A * S I N B * C 0 S C 
T M A T ( 2 , 2 ) = C O S A * C O S C - S I N A * S I N B * S I N C 
T M A T ( 2 , 3 ) = - S I N A * C O S B 
T M A T ( 3 , 1 ) = S I N A * S I N C - C 0 S A * S I N B * C 0 S C 
T M A T I 3 , 2 ) = S 1 N A * C 0 S C + C 0 S A * S I N B * S I N C 
T M A T ( 3 , 3 ) = C 0 S A * C 0 S B 
RETURN 
END 

SUBROUTINE P H I ( X , Y , Z , N X , N Y ) 
DI MENS ION X ( N X , N Y ) , Y < N X , N Y ) , Z ( N X , N Y ) 
COMMON/MATRIX/TMAT(3 ,3) 
0 0 1 1 = 1 , N X 
DOI J = 1 , N Y 

XP = T M A T ( l , l ) * X ( I , J ) + T M A T ( l , 2 ) * Y d , J ) + T M A T ( l , 3 ) * Z d , J ) 
Y P = T M A T ( 2 , l ) * X d , J ) + T M A T ( 2 , 2 ) * Y d , J » + T M A T ( 2 , 3 ) + 7 ( I , J ) 
Z P = T M A T < 3 , l ) * X ( I , J ) + T M A T ( 3 , 2 > * Y t l , J ) + T M A T ( 3 , 3 ) * Z ( I , J ) 
X ( I , J ) = X P 
Y ( I , J > = Y P 

1 Z d , J ) = Z P 
RETURN 
END 
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SUBROUTINE AXISI I ,DRAWME) 
COMMON/MATRIX/TMAT(3,3) 
LOGICAL DRAWME 
DIMENSION XA(2) ,XB(2) ,XC(2),YA(2),YB(2),YC(2),X(4,1),Y(4,1),Z(4,1) 
IF( I.NF.C1 GO TO I 
X(1,1)=0. 
X(2,l)=.4 
X(3,l)=0. 
X(4,l)=0. 
Y(1,1)=0. 
Y<2,1)=0. 
Y(3,l)=.4 
Y(4,l)=0. 
Z(1,1)=0. 
Z(2,l)=0. 
Z(3,l)=0. 
Z(4,l)=.4 
RETURN 

1 D022 1=1,4 
XP=TMATd,l)*X(I,l) + TMATd,2)»Y(I,l) + TMATd,3)*Z( 1,1) 
YP=TMATI2,1)*X(1,1) + TMAT(2,2)*Yd,1)+TMAT(2,3)*Z( I , 1) 
ZP=TMAT(3,l)*X(I,1)+TMAT(3,2)*Y(1,1) + TMAT(3,3)*Z( I , 1) 
X(I,1)=XP 
Y(I,1)=YP 
Z(I,1)=ZP 

22 CONTINUE 
IF(ORAWME) GO TO 2 
RETURN 

2 XA( l)=Yd,l) + 4.5 
XB(1)=XA(1) 
XC(l)=XAd) 
XA(2)=Y(2,l)+4.5 
XB(2)=Y(3,I)+4.5 
XC(2)=Y(4,l)+4.5 
YA(l)=Z(l,l)+3.0 
YB( l)=YAd) 
YC(l)=YAd) 
YA(2)=Z(2,l)+3.0 
YB(2)=Z(3,l)+3.0 
YC(2)=Z(4,l)+3.0 
CALL FCHSZ(l) 
CALL FDATM(2) 

CALL FLNSG(XA(1),YA(1),XA(2),YA(2)) 
PX=XA(2) 
PY=YA(2) 
CALL FCHAR( 'X' ,PX,PY) 
CALL FLNSG ( XBd),YB(l),XB(2),YB(2)) 
PX=XB(2) 
PY=YB(2) 
CALL FCHARI'Y',PX,PY) 
CALL FLNSG(XC(1),YC(1),XC{2),YC(2)I 
PX=XC{2) 
PY=YC(2) 
CALL FCHARI •Z',PX,PY) 
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SUBROUTINE SEE ( X ,Y, Z ,NX, NY ) .„„.„c ..n» 
C THIS ROUTINE CHECKS EACH OF THE POINTS IN THE XYZ ARRAYS FOR 
C VISIBILITY. IT JOINS VISIBLE PAIRS WITH SEGMENTS , PASSES OVER 
C INVISIBLE PAIRS WITHOUT PLOTTING AND INTERPOLATES A VISIBLE SEGMENT 
C BETUFEN PAIRS ONLY ONE OF WHICH IS VISIBLE. 
C SUBROUTINE REQUIRES THE USE OF SUBROUTINE SCAN, FUNCTION TORF 
C AND SUBROUTINE ONEVIS AND SUBROUTINE PLANE 
C 

LOGICAL SEEUMdOClOO) , TORF, Q, ANSWER 
DIMENSION X(NX,NY),Y(NX,NY),Z<NX,NY) 
DIMENSION TRIX(5),TRIY(5),TRIZ(5) 
D02 1=1,NX 
D02 J=1,NY 
CALL SCAN(X(I,J),Y(I,J),Zd,J),ANSWER,X,Y,Z,NX,NY) 
SEEUMII,J)=ANSWER 

2 CONTINUE 
C AT THIS POINT IN EXECUTION ALL POINTS HAVE BEEN CHECKED FOR VISIBILI-
C TY. SEEUM(I,J) CONTAINS 'TRUE' FOR VISIBLE POINTS AND 'FALSE' FDR 
C INVISIBLE POINTS 
C 
C THE PLOTTING ROUTINE FOLLOWS 
C 

13 NYL0NE=NY-1 
DO 14 1=1,NX 
DO 14 J=1,NYL0NE 
I F ( S E E U M ( I , J ) ) G 0 TO 4 0 1 
I F ( S E E U M ( I , J + 1 ) ) G 0 TO 402 

C 
C GO TO NEXT PAIR I F BOTH POINTS I N V I S I B L E 
C 

GO TO 1 4 
401 IFISEEUMd , J + 1) )G0 TO 20 

C 
C GO TO PLOT SEGMENT IF BOTH POINTS ARE VISIBLE 
C 
C 
C IF EXECUTION GETS HERE ONE POINT IS VISIBLE AND THE OTHER INVISIBLE 
C NOW INTERPOLATE BETWEEN THE POINTS TO FIND AN APPROXIMATE VISIBLE 
C ENDPUINT TO USE INSTEAD OF THE INVISIBLE POINT 
C 
C 

GO TO 15 
4 0 2 CONTINUE 

ISAVE=I 
JSAVE=J+1 
CALL ONEVIS<X( I , J+1) , Y d , J + 1 ) , Z d , J + 1 ) , X d , J ) , Y ( I , J ) , Z ( I , J ) . YPLDTi 

l Z P L O T , X , Y , Z , N X , N Y ) 
GO TO 16 

15 ISAVE= I 
JSAVE=J 
CALL ONE V IS (X( I , J) , Y ( I , J ) , Z ( I , J ) , X ( I , J + 1) , Y ( I , J + l ) , Z ( I , J + 1 ) , VPL3T, 

1 Z P L 0 T , X , Y , Z , N X , N Y ) 
16 CALL F L N S G ( Y ( I S A V E , J S A V E ) , Z ( I S A V E , J S A V E ) , Y P L O T , Z P L O T ) 

GO TO 14 
20 CALL F L N S G ( Y d , J ) , Z d , J ) , Y ( I , J + 1 I , Z ( I , J + 1 1 > 
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1 4 CONTINUE 

NOW PLOT SEGMENTS ALONG THE OTHER D IRECTION OF THE G R I D . 

NXLONE= N X - l 
0 0 2 1 J = 1 , N Y 
D 0 2 1 I = 1 , N X L 0 N E 
I F ( S E E U M ( I , J ) ) G 0 TO 4 0 3 
I F ( SEEUMd + l , J ) ) G 0 TO 4 0 4 
GO TO 21 

4 0 3 I F ( S E E U M ( I + 1 , J ) ) G 0 TO 26 
GO TO 22 

4 0 4 CONTINUE 
I S A V E = I + 1 
JSAVE=J 
CALL 0 N E V I S ( X ( I + 1 , J ) , Y d + l , J ) , Z ( I + l , J ) , X d , J ) , Y ( I , J ) , Z ( I , J ) , Y P L 3 T , 

1 Z P L 0 T , X , Y , Z , N X , N Y ) 
GO TO 3 1 

22 I S A V E = I 
JSAVE=J 
CALL 0 N E V I S ( X ( I , J ) , Y { I , J ) , Z ( I , J 1 , X ( I + 1 , J ) , Y ( I + 1 , J ) , Z ( I + 1 I , J ) , Y P L 0 T , 

l Z P L O T , X , Y , Z , N X , N Y ) 
3 1 CALL FLNSG( Y d S A V E , J S A V E ) , Z ( I S A V E , JSAVE) ,YPLOT, ZPLOT) 

GO TO 2 1 
2 6 CALL FLNSG{Y{ I , J ) , Z ( I , J ) , Y d + l , J ) , Z d + l , J ) ) 
2 1 CONTINUE 

THE FOLLOWING ROUTINE PLOTS A SEGMENT BETWWEN OPPOSITE V I S I B L E 
VERTICES OF A QUADRILATERAL I F AT LEAST ONE OF THE OTHER VERTICES 
15 I N V I S I B L E AND BEHIND THE PLANE OF THE OTHER THREE. 

3 6 1 

3 6 3 

3 6 5 

3 6 0 

D03 
D03 
I F ( 
I F ( 
I F ( 
IF« 
I F ( 
I F ( 
I F ( 
I F ( 
IF« 
I F ( 
I F ( 
1 F ( 
GO 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 

5 5 1 = 1 , 
55 J = l , 
. N O T . S E 
. N O T . S E 
. N O T . S E 
. N O T . S E 
. N O T . S E 
• NOT.SE 
. N O T . S E 
. N O T . S E 
. N O T . S E 
. N O T . S E 
. N O T . S E 
. N O T . S E 
TO 355 
X ( 1 ) = X ( 
Y ( 1 ) = Y ( 
Z ( 1 ) = Z ( 
X ( 2 ) = X ( 
Y ( 2 ) = Y ( 
Z ( 2 ) = Z ( 
X ( 3 ) = X ( 
Y { 3 ) = Y ( 
Z ( 3 ) = Z ( 

NXLONE 
NYLONE 
E U M ( I , 
E U M ( I + 
E U M ( I , 
E U M ( I , 
EUM(1+ 
EUM(1+ 
6 UM( I + 
EUM( I , 
E U M d , 
EUM(1+ 
E U M d , 
EUM(1+ 

J) )G0 
1,J + 1 
J + D ) 
J) )G0 
1,J + 1 
1,J)) 
1,J)) 
J + D ) 
J))GO 
l.J)) 
J+D) 
1,J + 1 

TO 361 
) )G0 TO 361 
GO TO 360 
TO 363 
) )G0 TO 363 
GO TO 362 
GO TO 365 
GO TO 365 
TO 364 

GO TO 355 
GO TO 355 
) )G0 TO 366 

I ,J) 
I ,J) 
I ,J) 
I ,J + 1) 
I,J+1) 
I ,J + 1) 
I+l,J+l) 
I+1,J+1) 
I+l,J+1) 
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CALL P L A N E ( T R I X , T R I Y , T R I Z , X d + l , J ) . Y ( I + l , J ) . Z ( I + l , J ) . A N S W E R ) 

IFIANSWERIGO TO 356 
GO TO 361 

362 T R I X I 1 ) = X ( I , J ) 
T R I Y I 1 ) = Y ( I , J ) 
T R I Z ( 1 ) = Z ( I , J ) 
T R I X ( 2 ) = X ( I + l , J ) 
T R I Y ( 2 ) = Y ( I + l , J ) 
T R I Z ( 2 ) = Z d + l , J ) 
TRIX(3) = X d + l , J + l ) 
T R I Y ( 3 ) = Y ( I + l , J + 1 ) 
T R I Z ( 3 ) = Z d + l , J + l ) 
CALL P L A N E ( T R I X , T R I Y , T R I Z , X ( I , J + 1 ) . Y ( I , J + 1 ) . Z ( I , J + 1 ) , A N S W E R ) 
IF(ANSWER)GO TO 356 
GO TO 363 

364 T R I X ( 1 ) = X ( I + 1 , J ) 
T R I Y d ) = Y d + l , J > 
T R I Z ( 1 ) = Z ( I + l , J ) 
TRIX(2) = X d , J + l ) 
T R I Y ( 2 ) = Y ( I , J + 1 ) 
T R I Z ( 2 ) = Z d , J + l ) 
TRIX(3) = X d ,J ) 
T R I Y ( 3 ) = Y d , J ) 
T R I Z ( 3 ) = Z ( I , J ) 
CALL PLANE ( TRI X,TRI Y, TRI Z, X ( I + l , J + 1 ) , Y d + l , J+1 ) , Z ( I + l . J + 1 ) . ANSWER) 

IF(ANSWER)GO TO 357 
GO TO 365 

366 T R I X ( l ) = X d + l , J ) 
T R I Y ( 1 ) = Y ( I + 1 , J ) 
TRIZI l ) = Z d + l , J ) 
T R I X ( 2 ) = X ( I , J + l ) 
T R I Y ( 2 ) = Y ( I ,J+1) 
T R I Z ( 2 ) = Z ( I , J + 1 ) 
T R I X ( 3 ) = X ( I + l . J + 1 ) 
T R I Y ( 3 ) = Y d + l , J + l ) 
T R I Z ( 3 ) = Z ( I + l . J + l ) 
CALL P L A N E ( T R I X , T R I Y . T R I Z . X d . J ) . Y d , J ) . Z { I . J ) .ANSWER) 
IF(ANSWER)GO TO 357 
60 TO 355 

356 CALL F L N S G t Y d , J ) , Z d .J) ,Y( I + l , J + l ) . Z d + 1 . J + l ) ) 
GO TO 355 

357 CALL FLNSG(Yd + l , J ) , Z d + l . J ) . Y ( I . J + l ) . Z ( I . J + l ) ) 
355 CONTINUE 

RETURN 
END 
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SUBROUTINE S C A N ( X P , Y P , Z P , A N S W E R . X , Y , Z . N X ,NY) 
C T H I S ROUTINE TAKES A POINT AND DETERMINES ITS V I S I B I L I T Y . I F V I S I B L E 
C lANSWER IS F I L L E D WITH ' T R U E ' , OTHERWISE WITH ' F A L S E * . 

D IMENSION X ( N X , N Y ) . Y I N X . N Y ) , Z ( N X , N Y ) 
D IMENSION T R I X ( 5 ) . T R I Y ( 5 ) . T R I Z ( 5 ) 
LOGICAL A N S W E R , Y E S / . T R U E . / , N O T Y E S / . F A L S E . / , 0 , T O R F 
K = l 
L = l 

10 L L = 1 
0 0 3 M = l , 2 
MM=L-1+M 
T R I X ( M ) = X ( K , M M ) 
T R I Y ( M ) = Y ( K , M M ) 
T R I Z < M ) = Z ( K , M M ) 
T R I X ( M + 3 ) = T R I X t M ) 
T R I Y ( M + 3 ) = T R I Y ( M ) 

3 T R I Z I M + 3 ) = T R I Z ( M ) 
T R I X ( 3 ) = X ( K + 1 , L ) 
T R I Y ( 3 ) = Y ( K + 1 , L ) 
T R I Z ( 3 ) = Z ( K + 1 , L ) 

8 0 0 4 M = l , 3 
I F ( X P . N E . T R I X ( M ) ) G 0 TO 4 
I F ( Y P . N E . T R I Y ( M ) ) G O TO 4 
I F ( Z P . E Q . T R I Z ( M ) ) G O TO 6 

C 
C I F THE ABOVE CONDIT ION HOLDS THE POINT I S A VERTEX OF THE TRIANGLE 

4 CONTINUE 
D05 M=l,3 
0=TORF(TRIY(M),TRIZIM),TRIY(M+1) , TRI Z(M+1),TRIY(M + 2) . TRIZ ( M + 2) . 
lYP.ZP) 
IF(.NOT.OIGO TO 6 

5 CONTINUE 
C IF EXECUTION GETS TO HERE THE POINT IS IN THE TRIANGLE ON THE YZ 
C PLANE. NEXT CHECK FOR BEING IN FRONT OF THE TRIANGLE IN SPACE. 
C 

IF( XP.LE.TRIX(1))G0 
IF( XP.LE.TRIX(2))G0 
IF(XP.GT.TRIX(3))G0 

2 2 2 CONTINUE 
I F ( X P . G E . T R I X d d G O 
I F ( X P . G E . T R I X ( 2 ) ) G 0 
I F ( X P . L T . T R I X ( 3 ) ) G 0 

2 2 3 CONTINUE 
C I F EXECUTION GETS TO HERE POINT IS NEAR TRIANGLE. NEXT CHECK FOR 
C BEING I N FRONT OR BEHIND. 

CALL P L A N E ( T R I X , T R I Y , T R I Z , X P , Y P , Z P . A N S W E R ) 
IF (ANSWER) GO TO 6 

C 
C I F EXECUTION GETS TO HERE THE POINT I S I N V I S I B L E 

22 ANSWER=NOTYES 
RETURN 

C FOLLOWING I S A ROUTINE TO PASS ON TO THE NEXT TRIANGLE 
6 GO TO ( 3 0 , 9 ) , L L 

3 0 LL=2 

TO 
TO 
TO 

TO 
TO 
TO 

222 
222 
6 

223 
223 
22 
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MM=K-1+M 
TRIX(M)=X(MM,L+1) 
TRIY(M)=Y(MM,L+1) 
TR!Z(M)=Z(MM,L+1) 
TRIX(M+3)=TRIX(M) 
TR1Y(M+3)=TRIY(M) 

7 TRIZ(M+3)=TRIZ(M) 
GO TO 8 

SET K AND L FOR NEXT PAIR OF TRIANGLES 
9 IF((L+1).GE.NY)G0 TO 11 

L = L + 1 
GO TO 10 

11 IF((K+1I.GE.NXIGO TO 12 
FINISHED WITH ALL TRIANGLES 

K=K + 1 
L = l 
GO TO 10 

THE POINT HAS BEEN CHECKED WITH THE LAST TRIANGLE, THE POINT IS 
VISIBLE. 
12 ANSWER= YES 

RETURN 
END 

LOGICAL FUNCTION TORF(XI,Yl,X2,Y2,X3,Y3,XP,YP) 
C THIS ROUTINE SUPPLIES TRUE IF POINT(XP,YP) AND (X3,Y3) 
C LINE IX1,Y1),(X2,Y2). FALSE IF ON OPPOSITE SIDES 

TEE(A1,A2,A3)=(A3-A1)/(A2-A1) 
IF(X2.E0.X1)G0 TO 3 
IF(Y2.E0.Y1)G0 TO 5 
TX1=TEE(X1,X2,X3) 
TY1 = TEE(Yl ,Y2,Y3) 
TXP=TEE(X1,X2,XP) 
TYP=TEE(Y1,Y2,YP) 
IF(ABS(TYP-TXP).LE.l.0E-5)G0 TO 4 
IF{(TYl-TXl).LE.l.0E-5)G0 TO 22 
IF((TYP-TXP).GT.1.0E-5)G0 TO 2 

22 IF((TYl-TXl).GE.-1.0E-5)GO TO 4 
IF((TYP-TXP).LT.-1.0E-5)G0 TO 2 

4 TORF=.FALSE. 
RETURN 

2 TORF=.TRUE. 
RETURN 

3 IF((XP-Xl)*(X3-X1).LT.O.O)GO TO 4 
GO TO 2 

5 IF((YP-Y1)*(Y3-Y1).LT.O.O)GO TO 4 
GO TO ? 
END 

SAME SIDE (IF 
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SUBROUTINE O N E V I S I X V I S . Y V I S . Z V I S . X I N V I S , Y I N V I S , Z I N V I S . Y P L O T , Z P L G T , 
I X , Y , Z , N X , N Y ) 

C T H I S ROUTINE INTERPOLATES BETWEEN A V I S I B L E POINT AND AN I N V I S I B L E 
C POINT TO FIND THE ENDPOINTS OF A V I S I B L E SEGMENT. 

LOGICAL V I S 
DIMENSION X ( N X , N Y ) , Y ( N X , N Y ) , Z ( N X , N Y ) 
D I S T = S Q R T { ( X V I S - X I N V I S ) * * 2 + ( Y V I S - Y I N V I S ) * * 2 + « Z V I S - Z I N V I S ) * * 2 ) 
XV=XVIS 
YV=YVIS 
Z V = Z V I S 
X I N V = X I N V I S 
YINV=YINVI S 
Z I N V = Z I N V I S 
D 0 1 7 KK=1 , 7 
XMID=<XV +XINV ) / 2 . 0 
YMI0=(YV +YINV ) / 2 . 0 
Z M I 0 = ( Z V +ZINV ) / 2 . 0 

C HERE CALL SCAN TO CHECK V I S I B I L I T Y OF MIDPOINT 
CALL S C A N ( X M I D , Y M I D , Z M I O , V I S , X , Y , Z , N X , N Y ) 
I F ( V I S ) G O TO 1 9 
XINV = XMID 
YINV = YMIO 
ZINV = ZMID 
GO TO 1 8 

1 9 XV = XMID 
YV = YMID 
ZV = ZMID 

1 8 I F I ( S O R T ( ( X V - X I N V ) * * 2 + ( Y V - Y I N V ) * * 2 + ( Z V - Z I N V ) * * 2 ) ) . L E . ( . 0 1 * D I S T ) ) 
IGO TO 2 2 

1 7 CONTINUE 
2 2 YPLOT=YMID 

ZPLOT=ZMID 
RETURN • 
END 

SUBROUTINE PLANE(ARRAYX,ARRAYY,ARRAYZ , X P , Y P , Z P , F R O N T ) 
LOGICAL FRONT 
DIMENSION A R R A Y ( 3 , 3 ) , S A V E ( 3 ) , A R R A Y X ( 3 ) , A R R A Y Y ( 3 ) , A R R A Y Z ( 3 ) 
D0333 1 = 1 , 3 
A R R A Y ! I , 1 ) = A R R A Y X ! I ) 
A R R A Y ! I , 2 ) = A R R A Y Y | I ) 
A R R A Y ! I , 3 ) = A R R A Y Z ( I ) 

3 3 3 CONTINUE 
D02 J = l , 3 
A R R A Y I 2 , J ) = A R R A Y ( 1 , J ) - A R R A Y ! 2 , J ) 
A R R A Y ( 3 , J ) = A R R A Y d , J ) - A R R A Y ( 3 , J ) 

2 CONTINUE 
I F ! A R R A Y ( 2 , 3 ) . E Q . 0 . 0 ) G 0 TO 3 

7 D04 J = l f 3 
A R R A Y I 3 , J ) = A R R A Y ! 3 , 3 ) * A R R A Y 1 2 , J ) - A R R A Y ( 2 , 3 ) * A R R A Y I 3 , J ) 
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CONTINUE 
B=-ARRAY!3,1)/ARRAY(3.2) 
C=-(ARRAYI2,1)+B*ARRAYI2.2))/ARRAY(2,3) 
D=-(ARRAYd.l) + B*ARRAY(1.2)+C*ARRAVH.3) ) 

XPLANE=-!B*YP+C*ZP+D) 
IF!XP.GT.IXPLANE+l.OE-5))G0 TO 5 
FRONT=.FALSE. 
RETURN 
FRONT=.TRUE. 
RETURN 
006 J=l,3 
SAVE!J)=ARRAY!2,J) 
ARRAY!2,J)=ARRAY(3,J) 
ARRAY!3.J)=SAVEIJ) 
CONTINUE 
60 TO 7 
END 

SUBROUTINE WRITE!Al,Bl,C1) 
DIMENSION ALINE!15).BLINE!15),CLINE!15) 
COMMON/MAXES/XMIN,XMAX,YMIN.YMAX,ZMIN.ZMAX 
COMMON/LABEL/LAB!9) 
INTEGER ALINE,BLINE,CLINE,BLANK/' •/ 
SICK!XXX)=XXX-FL0AT1IFIX(XXX/360.0))*360.0 
A=SICK(A1) 
6=SICK!B1) 
C=SICK!C1) 
DOI 1=1,15 
ALINE! n=BLANK 
BLINE! n=BLANK 
CLINE!I)=BLANK 

. CONTINUE 
CALL FCHSZI2) 
CALL FDATM!3> 
CALL FTEXTILAB,36,1,1100,920) 
CALL FTEXT(LAB,36 ,1 ,1100 .920 
CALL CONVO!'("ALPHA = • • ,F10 .2 , ' ' XMIN = '« .E10.2 . ' ' XMAX =" . 

1E10.2) ' .ALINE,0,K,A.XMIN.XMAX) 
CALL FCHSZIl) 
CALL FTEXT!ALINE,K,1.1100.840) 
CALL CONVO('("BETA = " , F 1 0 . 2 , " YMIN = " . E 1 0 . 2 . " YMAX=", 

1E10 .2 ) • .BLINE,0,L.B.YMIN.YMAX) 
CALL FTEXTIBLINE.L,1 ,1100,800) 
CALL CONVO! '("GAMMA = ••,F1C*.2," ZMIN = " , £ 1 0 . 2 , " ZMAX =" . 

1E10.2) ' .CLINE,O.M.C.ZMIN.ZMAX) 
CALL FTEXT(CLINE,M.1.1100.760) 
RETURN 
END 
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APPENDIX D 

ROUTINES FOR SYSTEM 360~CALCOMP 780 PLOTTER 

SUBROUTINE PLOT 3D—VERSION 4 

Purpose 

Draw and rotate three-dimensional surfaces with IBM 360/50-75-Calcomp 

780 Plo t te r . This version of PLOT 3D differs from Versions 1 and 2 in 

that " invis ible" line segments are not drawn. 

Usage 

COMMON/MAXES/XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX 

COMMON/LABEL/LAB (9) 

CALL PLOT 3D (X, Y, Z, NX, NY, CUBE) 

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME) 

CALL NOMORE 

Description of Parameters 

XMIN - Less than or equal to the minimum value in array X 

XMAX - Greater than or equal to the maximum value in array X 

YMIN - Less than or equal to the minimum value in array Y 

YMAX - Greater than or equal to the maximum value in array Y 

ZMIN - Less than or equal to the minimum value in array Z 

ZMAX - Greater than or equal to the maximum value in array Z 

X - TVo-dimensional array of X-coordinates 

Y - Two-dimensional array of Y-coordinates 

Z - Two-dimensional array of Z-coordlnates 

NX - Number of rows in arrays X, Y, Z, Limit 100 

NY - Number of columns in arrays X, Y, Z, limit 100 

CUBE - LOGICAL variable set to .TRUE, if the three directions are to 

be scaled Independently and set to .FALSE, if the three 

directions are to be scaled dependently. 

ALPHA - Angle of rotation about the X-axis, given in degrees 

BETA - Angle of rotation about the Y-axls, given in degrees 

GAMMA - Angle of rotation about the Z-axis, given in degrees 

DRAWME - LOGICAL variable set to .TRUE, if the rotated view is to be 

drawn, and set to .FALSE, if this view is not to be drawn. 
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LAB - Array of BCD charac te r s used to l a b e l the drawing. If l a b e l 

i s de s i r ed , supply 9 or l ess f ou r - cha rac t e r words in COMMON/ 

LABEL/LAB (9)-

Remarks 

A call to PLOT 3D defines and scales the surface. Subsequent calls 

to ROTATE rotate it to new frames of references. The surface Is not 

returned to its original position after a rotation. The surface is 

rotated about the fixed XYZ axes in this order: first about the Z-axls, 

then about the Y-axis, and finally, about the X-axis. Finally, a call 

to NOMORE closes the Calcomp tape unit. 

Care should be exercised In providing that the arrays X, Y, Z in 

the calling program have dimensions (NX, NY). Dimensions different from 

this may cause errors in the plots. 

This version of PLOT 3D requires much more computer time than 

Versions 1 and 2. During test runs a grid of 121 points required nearly 

0.5 min. A grid of 500 points required 5 min of computer time. 

In general, a line segment is drawn between two "invisible" endpoints 

and is not drawn between two "invisible" endpoints. If one endpolnt is 

"visible" and the other endpolnt is "invisible," the "visible" portion 

of the segment joining the points is drawn. No attempt is made to mask 

out an "invisible" part of a segment between two "visible" endpoints, or 

to draw a "visible" part of a segment between two "invisible" endpoints. 

Subroutines Required 

SCALE 

TRNMAT 

PHI 

AXIS 

SEE 

SCAN 

TORF 

ONEVIS 

PLANE , 

WRITE 
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In a d d i t i o n , PLOT 3D c a l l s r ou t ine s for the Calcomp 780 P l o t t e r . 

They fol low: 

SYMBOL - P l o t s a s t r i n g of alphanumeric cha rac t e r s 

PLOTS - Al loca tes a work region to the PLOT rou t ine 

PLOT - Generates the increments necessary to move pen from 

cu r r en t p o s i t i o n to s p e c i f i e d p o s i t i o n 

OFFSET - Enters f a c t o r s to be used by the PLOT rou t ine 

Storage Requirements 

This ve r s ion of PLOT 3D requ i r e s about F3EOi6 bytes of s t o r a g e , 

exc lus ive of Calcomp p l o t t e r r ou t ine s and array s t o r a g e . 

A l i s t i n g of the PLOT 3D Version 4 subrout ines fol lows: 

SUBROUTINE PL0T3DISX.SY.SZ.NX.NY.CUBE) 
LOGICAL CUBE 
COMMON /MAXES/XHIN.XMAX.YMIN.YMAX,ZMIN, ZMAX 
DIMENSION SX(NX,NY),SY(NX,NY),SZ!NX,NY) 
COMMON/CALCMP/CCOMPIIOOO) 
CALL PLOTS!CCOMP(1),4000) 
CALL SCALE!SX,SY,SZ,NX.NY.CUBE) 
CALL AXISIO, .FALSE.) 
ASUM=C.0 
BSUM=0.0 
CSUM=0.0 
RETURN 
ENTRY ROTATE!ALPHA.BETA.GAMMA,DRAWME) 
LOGICAL DRAWME 
CALL TRNMATIALPHA,BETA,GAMMA) 
CALL PHI!SX,SY.SZ,NX,NY) 
CALL AXISd.DRAWME) 
ASUM=ASUM+ALPHA 
BSUM=BSUM+BETA 
CSUM=CSUM+GAMMA 
IF(.NOT.DRAWME) RETURN 
CALL PLOT!0.0,1.5,-3) 
CALL SEE ISX,SY,SZ,NX,NY) 
CALL WRITE!ASUM,BSUM,CSUM) 
CALL PLOTIIO.0,-1.5,-3) 
RETURN 
ENTRY NOMORE 
CALL PLOTIO.0,0.0,999) 
RETURN 
END 

BLOCK DATA 
C0MMaN/LABEL/LAB!9) 
DATA LAB/' 
END 
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SUBROUTINE S C A L E ! S X . S Y , S Z . N X P T S , N Y P T S . C U B E ) 
DIMENSION S X ! N X P T S . N Y P T S I . S Y ! N X P T S , N Y P T S ) , S Z ! N X P T S , N Y P T S ) 
COMMON/MAXES/XMIN ,XMAX ,YMIN ,YMAX,ZMIN ,ZMAX 
LOGICAL CUBE 
REAL MAXX,MAXY,MAXZ 
M A X X = ! X M A X - X M I N ) / 5 . 5 
M A X Y = ! Y M A X - Y M I N ) / 5 . 5 
M A X Z = ! Z M A X - Z M I N ) / 5 . 5 
I F ( C U B E ) GO TO 21 
MAXX=AMAX1!MAXX,MAXY,MAXZ) 
MAXY=MAXX 
MAXZ=MAXX 

2 1 D03 1=1 ,NXPTS 
0 0 3 J = l , N Y P T S 
S X d , J ) = ( S X d . J ) - ( X M A X • X M I N ) / 2 . ) / M A X X 
S Y ! I , J ) = ( S Y ! I , J ) - ( Y M A X + Y M I N ) / 2 . ) / M A X Y 

3 S Z l I , J ) = ! S Z d . J ) - ! Z M A X + ZMI N ) / 2 . ) /MAXZ 
RETURN 
END 

SUBROUTINE TRNMAT!ALPHA.BETA,GAMMA) 
COMMON/MATRIX/TMAT(3 .3 ) 
A = A L P H A / 5 7 . 2 9 5 7 7 9 5 
B=BETA/57.2957795 
C=GAMMA/57. 295795 
SINA=SIN!A) 
SIN8=SIN!B) 
SINC=SIN(C) 
COSA=COS!A) 
COSB=COS(B) 
COSC=COS!C) 
TMAT(1.1)=C0SB*C0SC 
TMAT!1.2)=-C0SB«SINC 
TMAT(1.3)=SINB 
T M A T < 2 , 1 ) = C 0 S A * S I N C + S I N A « S I N B * C 0 S C 
T M A T ! 2 . 2 ) = C 0 S A * C 0 S C - S I N A * S I N B * S I N C 
T M A T I 2 . 3 ) = - S I N A * C 0 S B 
T M A T ( 3 . 1 ) = S I N A * S I N C - C 0 S A * S I N B * C 0 S C 
T M A T ! 3 , 2 ) = S I N A * C 0 S C + C 0 S A * S I N B * S I N C 
T M A T ( 3 , 3 ) = C 0 S A * C 0 S B 
RETURN 
END 

SUBROUTINE P H I ( X , Y , Z , N X , N Y ) 
DIMENSION X ! N X , N Y ) , Y ! N X , N Y ) , Z ( N X , N Y ) 
COMMON/MATRIX/TMAT(3 ,3 ) 
DOI 1=1 ,NX 
DOI J = 1 , N Y 

X P = T M A T d , l ) * X ! I , J ) + T M A T ! l , 2 ) * Y d , J ) + T M A T ( l , 3 ) * Z d , J ) 
Y P = T M A T { 2 , l ) * X d , J ) + T M A T ! 2 , 2 ) * Y ( I , J ) + T M A T ! 2 . 3 )'»Z( I , J ) 
Z P = T M A T ! 3 . 1 ) * X d , J ) + T M A T ! 3 . 2 ) * Y ! I . J ) + T M A T ( 3 , 3 ) * Z ! I , J ) 
X ! I , J ) = X P 
Y ! I , J ) = Y P 

1 Z ! I . J ) = Z P 
RETURN 
END 
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SUBROUTINE AXISd .DRAWME) 
COMMON/MATRIX/TMAT(3,3) 
COMMON/CALCMP/CCOMPIIOOO) 
LOGICAL DRAWME 
DIMENSION XA(2),XB!2),XC!2),YAI2),YB!2),YC(2).X!4) .Y(4) .Z<4) 
IF!I.NE.O) GO TO 1 
XII) =0. 
X(2) =.4 
X(3) =0. 
X(4) =0. 
YIl) =0. 
Y(2) =0. 
Y(3) =.4 
Y(4) =0, 
Zll) =0. 
Z(2) =0. 
Z(3) =C. 
Z!4) =.4 
RETURN 

1 D022 1=1,4 
XP=TMAT(1,1)*X(I) + TMATI1,2)*Y(I) +TMAT!1.3)*Z(I) 
YP = TMAT!2,l)*Xd ) +TMAT(2,2)*Yd) +TMAT ! 2, 3 ) • Zd ) 
ZP=TMATI3,l)*Xd) +TMAT!3,2)*Y(I) +TMAT(3,3)•Zd) 
X(I) =XP 
V(I) =YP 
Z d ) =ZP 

22 CONTINUE 
IFIDRAWME) GO TO 2 
RETURN 

2 XA(1)=Y!1) +7.0 
XB11)=XA!1) 
XC!1)=XA(1) 
XA(2)=Y!2) +7.0 • 
XB(2)=Y!3) +7.C 
XC!2)=Y(4) +7.0 
VA!1)=ZI1) +7.C 
VBd)=YA!l) 
YC(1)=YA(1) 
YA(2)=Z!2) +7.0 
YBI2)=Z(3) +7.0 
YC(2)=Z14) +7.0 
CALL PLOTIXAd) ,YA!1) ,3) 
CALL PL0T!XA!2),YA!2) ,2) 
CALL SYMBOL!XA(2),YA!2),0.10,'X' ,0.0,1) 
CALL PLOTIXBd) ,YB!1) ,3) 
CALL PLOT!XBI2),YB!2),2) 
CALL SYMBOL(XB(2),YB!2),0.10,'Y',0.0,1) 
CALL PLOTIXCd) ,YCd) ,3) 
CALL PL0T!XC(2),YC!2),2) 
CALL SYM8OLIXC(2).YCI2).O.lC.'Z'.0.0,ll 
RETURN 
END 
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SUBROUTINE SEE I X , Y,Z,NX,NY) 
C THIS ROUTINE CHECKS EACH OF THE POINTS IN THE XYZ ARRAYS FOR 
C VISIBILITY. IT JOINS VISIBLE PAIRS WITH SEGMENTS , PASSES aVER 
C INVISIBLE PAIRS WITHOUT PLOTTING AND INTERPOLATES A VISIBLE SEGMENT 
C BETWEEN PAIRS ONLY ONE OF WHICH IS VISIBLE. 
C SUBROUTINE REQUIRES THE USE OF SUBROUTINE SCAN, FUNCTION TORF 
C AND SUBROUTINE ONEVIS AND SUBROUTINE PLANE 
C 

LOGICAL SEEUMIIOO,100).TORF.Q,ANSWER 
DIMENSION XINX.NY),Y(NX,NY),Z(NX,NY) 
COMMON/CALCMP/CCOMPIIOOO) 
DIMENSION T R I X I 5 ) , T R I Y ! 5 ) , T R I Z ( 5 ) 
0 0 2 1 = 1 , N X 
D02 J=1,NY 
CALL SCAN(Xd ,J ) , Y d , J ) , Z ( I . J ) , ANSWER, X ,Y , Z, NX. NY) 
SEEUMII,J)=ANSWER 

2 CONTINUE 
C AT THIS POINT IN EXECUTION ALL POINTS HAVE BEEN CHECKED FOR V I S I B I L I -
C TY. SEEUMd.J) CONTAINS 'TRUE' FOR VISIBLE POINTS AND 'FALSE' FOR 
C INVISIBLE POINTS 
C 

CALL O F F S E T I - 5 . , 1 . 2 5 . - 5 . , 1 . 2 5 ) 
C THE PLOTTING ROUTINE FOLLOWS 
C 

13 NYL0NE=NY-1 
DO 1 4 1 = 1 , N X 
DO 14 J=l,NYLONE 
IF ISEEUM! I , J ) )G0 TO 401 
I F ISEEUMd, J + l ) )G0 TO 402 

C 
C GO TO NEXT PAIR IF BOTH POINTS INVISIBLE 
C 

GO TO 1 4 
401 IFISEEUM!I.J+l)IGO TO 20 

C 
C GO TO PLOT SEGMENT IF BOTH POINTS ARE VISIBLE 
C 
C 
C IF EXECUTION GETS HERE ONE POINT IS VISIBLE AND THE OTHER INVISIBLE 
C 
C NOW INTERPOLATE BETWEEN THE POINTS TO FIND AN APPROXIMATE VISIBLE 
C ENDPOINT TO USE INSTEAD OF THE INVISIBLE POINT 
C 

GO TO 15 
402 CONTINUE 

ISAVE=I 
JSAVE=J+1 
CALL ONEVIS(X( I . J + l ) . Y d , J + l ) , Z d , J + l ) , X d , J ) , Y I I , J ) , Z ! I , J ) , Y P L n T , 

1ZPL0T,X,Y,Z,NX,NY) 
GO TO 16 

15 ISAVE=I 
JSAVE=J 
CALL ONEVISIXd , J ) , Y d , J ) ,Z d , J ) . X ! I . J + l ) . Y d , J+1 ) , Z ! I , J+l ) , YPLOT, 

lZPLOT,X,Y,Z,NX,NY) 
16 CALL PLOTIYdSAVE,JSAVE),ZI ISAVE,JSAVE),13) 
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CALL PLOTIYPLOT,ZPLOT,12) 
GO TO 14 

20 CALL PLOT(Y(I,J),Z!I,J),13) 
CALL PLOTIYII,J + 1),Z( I ,J+1),12) 

1 4 CONTINUE 

NOW PLOT SEGMENTS ALONG THE OTHER D IRECTION OF THE G R I D . 

NXLONE= N X - l 
0 0 2 1 J = 1 , N Y 
D 0 2 1 1=1,NXLONE 
I F I S E E U M ! I , J ) ) G 0 TO 4 0 3 
I F ! S E E U M ! I + 1 , J ) ) G 0 TO 404 
GO TO 2 1 

4 0 3 I F ! S E E U M ! I + 1 , J ) ) G 0 TO 26 
GO TO 22 

4 0 4 CONTINUE 
I S A V E = I + l 
JSAVE=J 

CALL O N E V I S ( X ! I + 1 , J ) , Y ! I + 1 , J ) , Z ( I + 1 , J ) . X I I , J ) , Y ! I , J ) , Z ! I , J ) , Y P L O T , 
1 Z P L 0 T , X , Y , Z . N X , N Y ) 

GO TO 31 
22 I S A V E = I 

JSAVE=J 

CALL O N E V I S I X d . J ) , Y ! I , J ) , Z d . J ) . X l I + l , J ) , Y I I + l , J ) , Z ( I + l . J ) , Y P L r ) T , 
1 Z P L 0 T , X , Y . Z , N X , N Y ) 

3 1 CALL P L O T I Y d S A V E , J S A V E ) , Z ! I S A V E , J S A V E ) , 1 3 ) 
CALL P L O T I Y P L O T , Z P L O T , 1 2 ) 
GO TO 2 1 

2 6 CALL P L O T I Y d . J ) . Z d , J ) , 1 3 ) 
CALL P L 0 T ! Y ! I + 1 , J ) . Z ! I + 1 , J ) , 1 2 ) 

2 1 CONTINUE 

THE FOLLOWING ROUTINE PLOTS A SEGMENT BETWWEN OPPOSITE V I S I B L E 
VERTICES OF A QUADRILATERAL IF AT LEAST ONE OF THE OTHER VERTICES 
15 I N V I S I B L E AND BEHIND THE PLANE OF THE OTHER THREE. 

3 6 1 

3 6 3 

3 6 5 

360 

0 0 3 5 5 1= 
D0355 J= 
I F ! . N O T . 
I F I . N O T . 
I F ! . N O T . 
I F ! . N O T . 
I F ! . N O T . 
I F ! . N O T . 
I F ! . N O T . 
I F ! . N O T . 
I F I . N O T . 
I F I . N O T . 
I F I . N O T . 
I F I . N O T . 
GO TO 35 
T R I X d ) = 
T R I Y I l ) = 

1,NXLONE 
1,NYLONE 
SEEUM! I , J 
S E E U M I I + l 
SEEUMd , J 
S E E U M I I , J 
S E E U M ! I + l 
S E E U M ! I + l 
S E E U M I I + l 
SEEUMd , J 
S E E U M ! I , J 
S E E U M ( I + l 
S E E U M I I t J 
S E E U M I I + l 
5 

XI I ,J) 
Yl I ,J) 

))G0 TO 361 
,J+1))G0 TO 361 
+1))GO TO 360 
))G0 TO 363 
,J+l))G0 TO 363 
,J))GO TO 362 
,J))GO TO 365 
+1))GO TC 365 
))G0 TO 36^ 
,J))GO TO 355 
+1))GO TO 355 
,J+1))G0 TO 366 
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T R I X I 2 ) = X I I , J + 1 ) 
T R I Y I 2 ) = Y ! I , J + 1 ) 
T R I Z I 2 ) = Z ! I , J + l ) 
T R I X I 3 ) = X d + l , J + l ) 
T R I Y I 3 ) = Y ! I + l , J + l ) 
T R I Z I 3 ) = Z I I + l , J + l ) 
CALL P L A N E I T R I X , T R I Y , T R I Z , X 1 I + 1 . J ) . Y I I + 1 , J ) . Z I I + 1 , J ) , A N S W E R ) 
IFIANSWERIGO TO 3 5 6 
GO TO 3 6 1 

3 6 2 T R I X I l ) = X d , J ) 
T R I Y I 1 ) = Y ! I , J ) 
T R I Z I 1 ) = Z I I , J ) 
T R I X I 2 ) = X I I + l , J ) 
T R I Y | 2 ) = Y ! I + l , J ) 
T R I Z ! 2 ) = Z ! I + l , J ) 
T R I X I 3 ) = X ! I + 1 , J + 1 ) 
T R I Y I 3 ) = Y d + l , J + l ) 
T R I Z I 3 ) = Z ! I + 1 , J + 1 ) 
CALL P L A N E I T R I X , T R I Y , T R I Z , X ! I , J + l ) , Y I I , J + l ) , Z I I . J + l ) , A N S W E R ) 
IFIANSWER)GO TO 3 5 6 
GO TO 3 6 3 

3 6 4 T R I X ! 1 ) = X I I + l . J ) 
T R I Y I l ) = Y d + l , J ) 
T R I Z I 1 ) = Z I I + l , J ) 
T R I X I 2 ) = X I I , J + 1 ) 
T R I Y I 2 ) = Y I I , J + 1 ) 
T R I Z I 2 ) = Z I I , J + 1 ) 
T R I X I 3 ) = X ! I , J ) 
T R I Y I 3 ) = Y I I , J ) 
T R I Z I 3 ) = Z ! I , J ) 
CALL P L A N E ( T P I X , T R I Y , T R I Z , X ! I + 1 , J + 1 ) , Y I I + 1 , J + l ) , Z I I + 1 , J + l ) , A N S W E R ) 
IFIANSWERIGO TO 3 5 7 
GO TO 3 6 5 

3 6 6 T R I X d ) = X ! I + l , J ) 
T R I Y I l ) = Y d + l , J ) 
T R I Z ! 1 ) = Z I I + 1 , J ) 
T R I X ! 2 ) = XII , J + 1 ) 
T R I Y ! 2 > = Y ! I , J + 1 ) 
T R I Z I 2 ) = Z I I , J + 1 ) 
T R I X I 3 ) = X ( I + l , J + l ) 
T R I Y ! 3 ) = Y | I + 1 , J + 1 ) 
T R I Z I 3 ) = Z I I + l , J + l ) 
CALL P L A N E I T R I X , T R I Y , T R I Z , X d , J ) , Y ! I , J ) , Z I I , J ) , A N S W E R ) 
IFIANSWER)GO TO 3 5 7 
GO TO 3 5 5 

3 5 6 CALL P L O T I Y I I , J ) , Z I I . J ) , 1 3 ) 
CALL PLOT!YII+1,J+1),ZII+1,J+l),12) 
GO TO 355 

357 CALL PL0TIYII+1,J),Z!I+1,J),13) 
CALL PLOTIYd ,J + 1) ,Zd, J + l),12) 

355 CONTINUE 
CALL OFFSETIOO.0,1.0,00.0,1.0) 
RETURN 
END 
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SUBROUTINE SCANIXP,YP,ZP,ANSWER , X , Y , Z , N X , N Y ) 
C T H I S ROUTINE TAKES A POINT AND DETERMINES ITS V I S I B I L I T Y . I F V I S I B L E 
t lANSWER IS F I L L E D WITH ' T R U E ' , OTHERWISE WITH ' F A L S E ' . 

D IMENSION X I N X , N Y ) , Y ! N X , N Y ) , Z ! N X , N Y ) 
D IMENSION T R I X ! 5 ) . T R I Y ! 5 ) . T R I Z I 5 ) 
LOGICAL A N S W E R , Y E S / . T R U E . / . N O T Y E S / . F A L S E . / , Q , T O R F 
K —1 
L = l 

1 0 L L = 1 
D03 M = 1 . 2 
M M = L - l + M 
T R I X I M ) = X I K , M M ) 
T R I Y I M ) = Y I K , M M ) 
T R I Z ! M ) = Z I K , M M ) 
TRIXIM+3)=TRIXIM) 
TRIY!M+3>=TRIY|M) 

3 TRIZIM+3)=TRIZIM) 
TRIXI3)=X!K+1,L) 
TRIYI3)=Y|K+1,L) 
TRIZI3)=ZIK+1,L) 

8 D04 M = l , 3 
I F I X P . N E . T R I X I M D G O TO 4 
I F I Y P . N E . T R I Y | M ) ) G O TO 4 
IFIZP.EO.TRIZIMdGO TO 6 

C 
C IF THE ABOVE CONDITION HOLDS THE POINT IS A VERTEX OF THE TRIANGLE 

4 CONTINUE 
005 M=l,3 
0=TORFITRIYIM),TRIZlM),TRIYIM+1), TRI ZlM + 1),TRIYlM + 2),TRIZIM + 2) , 
lYP.ZP) 
IFI .NGT.QIGO TO 6 

5 CONTINUE 
C I F EXECUTION GETS TO HERE THE POINT I S I N THE TRIANGLE ON THE YZ 
C PLANE. NEXT CHECK FOR BEING I N FRONT OF THE T R I A N a E IN SPACE. 
C 

I F I X P . L E . T R I X I l d G O 
I F I X P . L E . T R I X I 2 ) ) G 0 
I F I X P . G T . T R I X I 3 ) ) G 0 

222 CONTINUE 
IFIXP.GE.TRIXIl))G0 
IF!XP.GE.TRIXI2))G0 
IFIXP.LT.TRIXI3))GO 

223 CONTINUE 
C IF EXECUTION GETS TO HERE POINT IS NEAR TRIANGLE. NEXT CHEC< FOR 
C BEING IN FRONT OR BEHIND. 

CALL PLANE!TRI X,TRIY,TRIZ,XP,YP,ZP,ANSWER) 
IFIANSWER) GO TO 6 

c 
C IF EXECUTION GETS TO HERE THE POINT IS INVISIBLE 

22 ANSWER=NOTYES 
RETURN 

C FOLLOWING IS A ROUTINE TO PASS ON TO THE NEXT TRIANGLE 
6 GO TO 130,9),LL 

30 LL=2 
D07 M=l.2 

TO 
TO 
TO 

TO 
TO 
TO 

222 
222 
6 

223 
223 
22 
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MM=K-1+M 
TRIXIM)=XIMM.L+1) 
TRIYIM)=YIMM.L+1) 
TRIZIM)=Z|MM,L+1) 
TRIXIM+3)=TRIXIM) 
TRIYIM+3)=TRIY|M) 

7 TRIZIM+3)=TRIZIM) 
GO TO 8 

C SET K AND L FOR NEXT PAIR OF TRIANGLES 
9 IF ! IL+1 ) .GE .NY)G0 TO I I 

L=L+l 
GO TO 10 

11 IF I IK+1) .GE.NX)G0 TO 12 
C FINISHED WITH ALL TRIANGLES 

K=K+1 
L=l 
GO TO 10 

C THE POINT HAS BEEN CHECKED WITH THE LAST TRIANGLE, THE POINT IS 
C VISIBLE. 

12 ANSWER= YES 
RETURN 
END 

LOGICAL FUNCTION TORFI XI,Yl,X2,Y2,X3.Y3.XP.YP) 
C THIS ROUTINE SUPPLIES TRUE IF POINTIXP.YP) AND 1X3.Y3) SAME SIDE OF 
C LINE !X1.Y1).IX2,Y2). FALSE IF ON OPPOSITE SIDES 

TEEIA1,A2.A3)=IA3-A1)/IA2-A1) 
IFIX2.EQ.X1)G0 TO 3 
IFIY2.EQ.Y1)G0 TO 5 
TX1=TEEIXI,X2,X3) 
TY1=TEE!Y1,Y2,Y3) 
TXP=TEEIX1,X2,XP) 
TYP=TEEIY1,Y2,YP) 
IFIABS!TYP-TXP).LE.1.0E-5)G0 TO 4 
IFIITY1-TX1).LE.1.0E-5)GO TO 22 
IFI!TYP-TXP).GT.1.0E-5)G0 TO 2 

22 IFIITY1-TX1).GE.-1.0E-5)GO TO 4 
IFIITYP-TXP).LT.-1.0E-5)G0 TO 2 

4 TORF=.FALSE. 
RETURN 

2 TORF=.TRUE. 
RETURN 

3 IFIIXP-Xl)*IX3-Xl).LT.O.0)GO TO 4 
GO TO 2 

5 IFdYP-Yl)*!Y3-Yl).LT.0.0)GO TO 4 
GO TO 2 
END 
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SUBROUTINE ONEVISI X V I S , Y V I S , Z V I S , X I N V I S , Y I N V I S , Z I N V i S , V P L O T , Z P L O T , 
1 X , Y , Z , N X , N Y ) 

C T H I S ROUTINE INTERPOLATES BETWEEN A V I S I B L E POINT AND AN I N V I S I B L E 
C POINT TO F IND THE ENDPOINTS OF A V I S I B L E SEGMENT. 

DIMENSION X I N X , N Y ) , Y ! N X , N Y ) , Z I N X , N Y ) 
LOGICAL V I S 
D I S T = S Q R T 1 I X V I S - X I N V I S I * * 2 + I Y V I S - Y I N V I S ) * * 2 + I Z V l S - Z I N V I S ) * * 2 ) 
XV=XVIS 
YV=YVIS 
Z V = Z V I S 
X I N V = X I N V I S 
Y I N V = Y I N V I S 
Z I N V = Z I N V I S 
D 0 1 7 K K = 1 , 7 
X M I D = I X V +XINV 
Y M I D = I Y V +YINV 
Z M I D = ! Z V +Z INV 

HERE CALL SCAN TO ( 
CALL S C A N I X M I D , ' 
I F I V I S ) G O TO 19 
X INV = XMID 
Y I N V = YMID 
Z I N V = ZMID 
GO TO 18 

1 9 XV = XMID 
YV = YMIO 
ZV = ZMID 

1 / 2 . 0 
) / 2 . 0 
) / 2 . 0 

; H E C K V I S I B I L I T Y OF MIDPOINT 
l ' M I D , Z M I D , V I S , X , Y , Z , N X , N Y ) 

1 8 I F ! ! S Q R T I I X V - X I N V ) * * 2 + I Y V - Y I N V ) * * 2 + I Z V - Z I N V ) * * 2 ) ) . L E . I . P 1 * D I S T ) ) 

1 6 0 TO 22 
17 CONTINUE 
22 YPLOT=YMID 

ZPLOT=ZMID 
RETURN » 
END 

SUBROUTINE PLANEIARRAYX,ARRAYY,ARRAYZ , X P , Y P . Z P , F R O N T I 

LOGICAL FRONT 
DIMENSION ARRAY 1 3 , 3 ) . S A V E 1 3 ) . A R R A Y X 1 3 ) . A R R A Y Y ! 3 ) . A R R A Y Z ! 3 1 
0 0 3 3 3 1 = 1 , 3 
A R R A Y ! I , 1 ) = A R R A Y X ! I ) 
A R R A Y | I , 2 I = A R R A Y Y 1 I ) 
A R R A Y ! I , 3 ) = A R R A Y Z I I ) 

3 3 3 CONTINUE 
0 0 2 J = l , 3 
ARR AY I 2 . J ) =ARR AY d , J ) -ARRAY 1 2 . J ) 
A R R A Y I 3 . J ) = A R R A Y I 1 . J ) - A R R A Y I 3 , J ) 

2 CONTINUE 
I F ! A R R A Y I 2 . 3 ) . E Q . 0 . 0 ) G 0 TO 3 

^ A R R A Y I ^ 3 , ' j ) = A R R A Y ( 3 . 3 ) * A R R A Y l 2 , J ) - A R R A Y I 2 , 3 ) * A R R A Y I 3 , J ) 



CONTINUE 
B=-ARRAYI3,1)/ARRAYI3,2) 
C=- I ARRAY 12,1)+8*ARRAY I 2 ,2 I)/ARRAY 12,3) 
D=- IARRAYd, l )+B*ARRAYI l ,2 )+C*ARRAYI l ,3 ) ) 
XPLANE=-IB*YP+C*ZP+D) 
IFIXP.GT.IXPLANE+l.OE-5))G0 TO 5 
FRONT=.FALSE. 
RETURN 
FRONT=.TRUE. 
RETURN 
006 J=l,3 
SAVE!J)=ARRAYI2,J) 
ARRAYI2,J)=ARRAY!3,J) 
ARRAYI3,J)=SAVEIJ) 
CONTINUE 
GO TO 7 
END 

SUBROUTINE WRITE IAl,Bl,C1) 
DIMENSION ALINEn,5),BLINEI15),CLINEI15) 
COMMON/MAXES/XMIN,XMAX,YMIN,VMAX,ZMIN,ZMAX 
C0MM0N/LABEL/LAB(9I 
COMMON/CALCMP/CCOMPIIOOO) 
INTEGER ALINE,BLINE,CLINE,BLANK/' •/ 
SICK!XXX)=XXX-FLOAT!IFIXIXXX/36C.O))*360.0 
A=SICKIA1) 
B=SICK1B1) 
C=SICKIC1) 
DOI 1=1,15 
ALINE! I)=BLANK 
BLINE!I)=BLANK 
CLINEd)=BLANK 

L CONTINUE 
CALL SYMBOL 10.0,-.3,0.2,LAB 11).0.0.36) 
CALL CONVO!'I"ALPHA = ",F10.2," XMIN =",E10.2," XMAX =". 
IE 10.2)•,ALINE,0,K,A,XMIN,XMAX) 
CALL SYMBOLIO.O,-.5,D.1,ALINEI1),0.0,K) 
CALL CONVO! •("BETA = " , F i n . 2 , " YMIN = " , E 1 C . 2 . " YMAX =" . 

1E10.2) • ,BLINE,0 ,L ,B,YMIN,YMAX) 
CALL S Y M B O L I O . n , - . 7 , 0 . 1 , B L I N E I l ) , 0 . 0 , L ) 
CALL CONVOI •!"GAMMA = ",F10.2." ZMIN =".E10.2." ZMAX =". 
1E10.2)',CLINE,0,M,C,ZMIN,ZMAXI 
CALL SYMBOLIO.O,-.9,0.1,CLINEI1),0.0,M) 
RETURN 
END 



53 

ACKNOWLEDGMENT 

This report and the subroutine packages described therein are, in 

part, a revision of "PLOT 3D - A Package of FORTRAN Subprograms to Draw 

Three-Dimensional Surfaces," by R. Bruce Canright, Jr., and Paul Swigert 

of the Lewis Research Center, Cleveland, Ohio, NASA TM-X-1598. This 

publication is available through the National Technical Information 

Service, Springfield, Virginia 22151. 



54 

BIBLIOGRAPHY 

1. R. Bruce Canwright, J r . and Paul Swigert , Plot 3D - A Package of 
FORTRAN Sub-programs to Dram Three-dimensional Surfaces, NASA TM-
X-1598, Clearinghouse for Federa l S c i e n t i f i c and Technical Informat ion, 
Sp r ing f i e ld , V i rg in i a . 

2. Ruth A. Weiss, BE VISION, A Package of IBM 7090 FORTRAN Programs to 
Drau Orthographic Vieus of Combinations of Plane and Quatric Surfaces, 
J . Assoc. Comp. Mach., 13, 194-204 (Apri l 1966). 

3 . Henry Margenau and George M. Murphy, The Mathematics of Physics and 
Chemistry, Second Ed. , D. Van Nostrand Co. , I n c . , (1956) 565-570. 

4. D. Carson, A Film-plotting Subroutine Package (FSP) for the IBM 2280 
Film Recorder, Technical Memorandum No. 167, Argonne Nat iona l 
Laboratory. 

5. Ronald F. Krupp, S/360 Programming Techniques for the Calcomp 780, 
Technical Memorandum No. 130, Argonne Nat ional Labora tory . 



ARGONNE NATIONAL lAB WEST 

" Iffllfli 
4444 001)08226 





,-<yi^ 

t -7̂ ^̂  





l.lSt^ l-Hlii f.-7r/^ ^J'ff:i^fr/,y^ 

11 ^— a \ ___J^ 
I I I 

£^^9u^ -(Aau^ Mir^ yU^M.^ 

j . . , 

i 





Ul ^"'U ,̂ 

33cL .o;f s- / ^ w 2 LA. <fCt gg<i^>vx 

iCf 
/ ' 

S o d A ; ^ ê<!5c; v̂̂  : 
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^ IN TRA-LABORATORrMEMO 

Y. I. Chang, J. Marchate 
J. Sackett, D. Wade, J. Battles 

r r e , L. Walters^>L \ j \ " a To: 

From: D. R. PedersenQtl RAS 

Subject: Notes from GE Meeting with NRG on Containment, Februa 

1. GE still has GEMS in their reference ALMR design. 

2. GE attempted to stress the mitigation capability of the PRISM design. 

3. J. Wilson (NRC), Ed Throm (NRG) and G. Van Tuyle (BNL) attended the 
meeting. Wilson and Throra are the replacements for T. King and 
R. Landry. 

4. NRC may push for further definition of the IFR Phase III program plan. 

5. Figures 1 and 2 represent GE's new containment design. 

6. GE has developed a proposed source term (containment evaluation source 
term) for the ALMR 

100% Nobles 
0.1% Iodine, Bromine 
0.1% Cesium Rubedium ( 
0.01% other (fuel) • 
1700# Na , 

a. The amount of Na is equivalent to the amount of oxygen available 
such that all the Na burns with no remaining oxygen. 

b. This source term is the source available in upper containment for 
the purposes of containment evaluation. 

7. The sodium in the source term is assumed to remain within the reactor 
vessel and burn as a pool fire. The sodium never is allowed to burn as 
spray fire. This is a major weakness. The failure that allows the 
breach in the head is likely also to eject Na and cause a sodium spray 
fire. 

8. GE intends to use the CONTAIN code for the containment evaluation. 
Sandia will be releasing a new LMR version of CONTAIN LMR in about a 
month. 





9. Ed Throm and G. Van Tuyle have requested copies of the Metal Fuel 
Handbook. 

Edward D. Throm 
USNRC 
Mail Stop NL/S-314 
Washington, DC 20555 

10. T. King attended the meeting for a while. Mentioned conditional 
probability of containment failure as something NRC, and ACRS is 
considering. 

11. Figure 3 represents an outline for the proposed GE amendment. GE/DOE 
would like the NRC to prepare a final Safety Evaluation Report by 
September 1990. Reason given (to support FY92 budget cycle). 

12. Wilson stated that the anticipated date for issuance of revised final SER 
is November 1990 including commissioner approval. 

13. Wilson indicates it may be possible to send letter report, Beckjord (NRC) 
to Young (GE) to meet the earlier requested date of September 1990 by 
DOE. Bill Morris (J. Wilson's boss) came into the meeting at 2:00 p.m. 
A brief presentation was made on containment mitigation of the ALMR. 
(Morris feels that unless the letter has ACRS review it may be hollow. 
Morris, Throm and Wilson will be evaluating schedule for the review and 
the mode of NRC response after receipt of the amendment.) 

14. Morris asked about the time scale for ANL to analyze the energetics with 
metal fuel (answer: FY95); What code will you use (answer: SAS4A); Do you 
anticipate use of SIMMER (answer: no). 

15. Wilson stated Chat the revised key issues document, SECY 203, should be 
sent to the commissioners in late spring. 

16. Future anticipated meetings: 

Technical Review Hanford March 20-22, 1990 
(including GEMS) 

Containment Evaluation Rockville April , 1990 

RAS Section Managers 
A. J. Goldman 
L. W. Deitrich 
H. P. Planchon 
R. W. Seidensticker 
RAS Files: 47403-34, A15 
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